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FOR EWORD

Thle medical subspecialty of rheumatolop deals predominantly with
"incurable" diseases for which only limited forms of therapy are currently
available. It is unlikely that major therapeutic advances will occur prior to
obtaining a better understanding :)f the etiologies of these disorders. At the
present time the practice of rheumatology continues to rely heavily upon
the clinical acumen of the physician, however, intensive research in many
diverse fields, most notably immunology, biochemistry, and virology, have
begun to provide some insight into the pathophysiology of many of these
disorders anrd have afforded the clinician with an increasing number of
laborato'ry" parameers u'eful in te dgois and management of many

rheumatic cnins. ,

h'lis issue f 'reseng "Cohieits reviews several dinical, immunological, and
investigational aspects of rheumntology. Several papers have come from
the Hospital -for Special-Swgery, Corne Medical Certer, where Doctors
Phillips, Lightfoot, Kagen and Lockshin are members of the medical staff,
and Doctor Chriian. is the Pbysicýw-in.Chief. Doctor Rothfield is oi. the
the medical facuty of the Univixsky of Connecticut School of Medicine.
Doctor Jacobs is a practicing pediatric rheumatologist at the Babies Hospital
of the Colutnbia-I~esbyterian Medical Center and Doctor Hughes is with the
Department of Medicine of the Rbyal Pottgraduate Medical School in London.
Major Chier is presently a Fellow in Rheumatology at Letterman. We are
indebted to this Sroupofwathors for generously contributing to this symposium.
It is hoped that the topicr presented will be of interest to the general internist
as well as demonstrate the incress ing spectrum of disorders that are e-" interest
to rheumatologists.

MAJ SELWYN A. COHEN, MC
Gues IAditor
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EDITORIAL

Charles L. Christian, M.D.

rPysk'iv-in-OCef
The Hospital for Special Surgery, Cornell College of Medicne, New York

ibis volume of Present Concepts of Internal Medicne reviews a part of the
spectrum of rheumatic disease. As with all subspecialties, the boundaries
of Rheumatology are poorly defined. They overlap extensively other
subdisciplines of internal medicine, as well as the fields of orthopedic
surgery, neuro.:'gy, and rehabilitation medicine. The multisystemic mani-
festations of a syndrome, like systemic lupus thenatosus (SLE), high-
light the varied clinical skills that are requis .e or management.ITo date there has been no formalization of training or certification in
Rheumatoiogy - most consultants in this area are broadly trained
internists with special, lut not exclusive, interest in this field. The
American Board of Internal Medicine, however, has announced its inten-
Stion to examine Diplomats of the Bourd who wish additional certification
in Rheumatology (Ann Intern Med 74:434, 1971). Under the current
proposal, candidates wishing such certification will be eligible after com-
pleting two years of subspecialty training. It remains to be seen how
many physicians now practicing as consultants will seek such ceitification.

i'he research disciplines that are relevant to the study of rheumatic
disease include all fields of biological science. Although some of the
rheumatic syndromes are clearly metabolic problems, i.e. gout and alkap-
tonuria, the pathogenetic bases for most types of chronic :,-'.::natism are
not known.. As sections in this volume emphasize, there are prominent
iin.umnological abberations in disorders like SLE and rheumatoid arthritis
and new concepts, more than new data, have reawakened interest in
microbizi hypotheses for the pathogenesis of such syndromes. Even though
the individual connective tissle syndromes seem distinct in their classical
forms, there is much in common and there is reasonable promise that
elucidation of the pathogenesis of one syndrome will also have relevance to

-letent Conceits, Vol IV No 7, July 1971)
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Editorial

the others. In common with most disesses of unknown etiology, there is
evidence that multiple factrs partieipste in pathogenesis. The " of
tcientific inquiry applied to the study of neopl/s9 - involving the
i.t5m14tohir of genetic, immunologi ad virOlole factors - seemsequally promising for syndrmes such as SLE.

The Rhcumatologist lacks a "Cure" for most that he treats. To the" .requir.
ing physician, the resulting frustration is a sustained stimulation to pin
new information regarin the etiokqM and pathgnei of rhumtic

Pmewnt Concepts, Vol IV No 7. July /971
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CHROMI. VIRUS INFECTION AND THE CONNECTIVE TISSUE
DISEASIkS

Paul E. Phillip,M.DJt

The idea that the oommetive tis.w diseases might have
an Infectious basis in not new. In the 1930s rheumtoid
arthritis was oomonly called "chronic Infeotious arthritis"-
at that time Infection was the reoognised cause of Inflemtion.
With the discovery of rheumatoid factor and other automntibodies
In the 1940s and 1950s, the connective tissue diseases becam

w an autos j While efforts focused on un-
ravelling the nature and ode of aeion of auoatibodtes,
the underlying causes were stifll elusive. Thus the idea that
the automm : phenomna uight be secondary to enviroointal
causes reoived another look. The possible role of chronio
virus infection has received considerable attention, primarily
because of the recent increase In uderstanding of sach infec-
tions in animals and man.

Virus diseases are usually thought of as acute Infections,
with virus 2ultiplication leading directly to cell denage and
disease. Within a couple of weeks, the host responds imuno-
logically with both circulating antibody ard cellular Imnity,
which lead to virus elimnation. linioal recovery folloms
and lifelong immusnty usually results. The oomon virus
diseases of childhood -- easleR, chicken pox and rubella-
ame tty-pial examples of ,,riw,,% acute virus infections. How-
every, it has bocms apparent tba. this outline is too simpl
bemause, first, clinioal signs of e.oh viral illnesses my not
ocur until tfhe host responds immunologioally. For instano,

rash oomnonly appears at the same tine as oirculating antibody,
thus the host iiane response my itself be partially respon-
sible for tissue damage, Secondly, the virus infection may
alter the imunologio status of the host; e.g., the depression

OR.,easch Dcplrment Publeation No. 4 1. SuppoMtod in t by 5U=t froM Tfe JihM A. Hartford
Foundation and the USS.JIS. (1-ROI-AM14627, NIAMD).
From the Departments of Rheumatic DIae, The Hospital for Special Suruery Phftip D, Wilson Rawrch
Founuaý -v affiliated with The New Yoak Hmoepll*Corel Unl'.ery Mdicakl Colege, &d Medicine,
ComeUl Un2arurity Medicdl College, New Yotk. N.Y. 1M1I.
tAuhtnt Profem of Modidne, Comnl.
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of tuberculin skin test reactivity in measles or, conversely,

the enhanced immine respon.es seon In some virus-infected
al~s. .~r4!,.,0,oo e chm4. or life.ong immunity may

actually be the 'perdist6f6h Of6t virus'or its antigens in
the host.

The more rescartly recognized chronic virus infections
(also known as slow, latent, temperate or persistent) may not
be accompanied by clinical signs. In animals these viruses
are often tranmitted vertically from mother to fetus, with virus
replication proceeding asymptomatically. The crucial differ-
ence between these viruses aM an ordinary acute virus infection

is that the virus is not oliminated by the host i=une response.
In animals, the host my continue to respond Launologically
to .he persistent virus, and clinical disease then results
primarily from Imunological reactions with the virus or its
antigens in the host's tissues. There may be no apparent

disease for a time, then it may be mild to severe with an
episodic or progressive course; the exact pattern with a
particular virase s to depend on the nature of the hostImmue response to chronic infection, which in turn appears

to be largely controlled by genetic factors. Thus genetic
susceptibility probably determines in part whether chronic
virus infection occurs, and its subsequent Lanifestations.

In man, herpes simplex and herpes soster an" well-known
examples of chronic virus infections, which result in episodic
acute disease. TABLE I. Kuru and Jakob-Creutsfeldt disease
are progressive enoephalopathies of the spongiforM type, and
have been trensmitted to other primates. /1/ Also progressive
is subacute sclerosing panencephalitis, which was thought to
be of viral etiology by its discoverer Dawson in the 19306.
Not until recently was this disease actually shown to be a
chronic measles infection (although another virus may be in-
volved as well). /2,3/ Persistence of the virus of serum
hepatitis, manifest as Australian antigen, can be asymptomatic.
Indirect evidence suggests that neoplasia in man may result
from virus persistence. /4/

•esearch with chronic virus infections Ii animals has
been instrumental in enlarging our understanding in this area
and in its application to human disease. TABLE I. Exa'Oles
include scrapie, a transmissible neurologic disease of sheep,
which is histopathologically similar to kuru in man. /1/ The
RNA leukemia-sarcoma viruses, best stu.lIsd in miae and chickens,

Pesent Concepts, Vol IV No 7, July 1971
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are models of vertically tranenitted chronic infection with
pathogenetic implioationa for similar human disorders. /4/
Aleutian diaease of mink, lymphocytic choriomeningitis (La4)
in mice, and New Zealand mouar disease are important models
for 'the connectivo tissue diseases, because in these tissae
injury is mediated by immanologic processes, particularly by
I=u complexes. /1.5/

TABLE I

SOME CHRONIC VIRUS INFECTIONS

In man
Herpes simplex (fever blisters, rcld sores)
Herpes zoster (shingles)
Kuru
Jakob-Creutzfeldt presenile dementia
Subacute sclerosing panencephalitis (SSPE)
Australia antigen viral hepatitis
(?) Neoplasia
(??M Connective tissue diseases

In animals
Scrapie in sheep
Mouse and avian leukerria sar•ema
Aleutian disease (AD) of mink
Lymphocytic choriomeningitis (LCM) in mice
Autoammune disease in NZB and (?) NZB/W hybrid mouse

The classic disease caused by imnune complexes is serum
sickness (where host ant'body combines with the foreign serum
protein, is deposited with complement in the kidney, and glo-
merulonephritis results). In human systemic lupus erythema-
tosus (SLE), DNA and anti-DNA antibody immune complexes are
thought to be an importarnc pathogenetic mechanism.* SimiUrly,
in the nephritis of Aleutian disease and LUN, virus or viral
antigens are involved in the formation of the immune complexes.
In addition, viral antigens in the tissues are subject to immu-
nologic attack by the host, with resulting tissue damage. /1,5/

In the SLY-like disease of New Zealand mice, a clcse
correlation has been ahown between the appearance of a murine
leukemia v4.rus antigen in the circulation and the onset of

"Dr. Cohen dmLusses thcse on pages 528,530.

Present ConceptT. Vol IV No 7. July 1971
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Coombs' positive hemolytic anemia. The subsequent appearance
of antibody to this antigen correlates well with the disap-
pearance of the latter from the circulation (pm xmably via the
formation of immune ocmplexes), the apporanoe of I=e com-
plex-type nephritis and proteinuria, leading to death of zh9
mice. /1,6/ Thus, the SLE-like disease of these mice seams to
result from their immunologic response to chronic infection
with murine leukemia virus. However, others /1,5/ have shown
that these mice are immunologi3ally hyperreactive to a variety
of other antigens. Furthermore, since all strains of mice are
probably chronically infected with leukemia virus /4/ and usu-
ally without auto-inmue manifestations, one has to invoke a
genetic basis for the hyperreactivity of this inbred strain.
Similarly, in many of the other animal models of chronic virus
infection leading to iiuunologically mediated disease, a
genetic )redisposition seems essential to explain why only
certain itrains of animals are affected. /1,5/

Wuile these animal models suggest that similar mechanisms
may be involved in the human connective tissue diseases, the
actual evidence •kor chronic virua infection here is at best
circumstantial. In SIE, microtubular inclusions have been
found in renal glomerular endothelium with the electron micro-
scope. /7/ These inclusions appear similar to those caused by
measles in subacute sclerosing panenoephalitis /2/ and thus
have be'%n termed "paremyxovirus-like". Although they are most
nume,-,ts in SIE, they have also been fmwd in a variety of
un...ated diseases, and thus are not specific for SLE. Mor-
phologically they differ somewhat from tho known appearance
of the paramyxoviruses (TABLE II) and attempts to identify
their viral nature by immu. •fluorescent and other techniques
have so far been unsuccessful. /8/ Similarly, virus isolation
studies in SLE, including attempts to culture those inclusions,
have been negative (our own experienco is shuwn in TABLE II).
Thu, the role of these inclusions in the pathogenesis of SIR,
..s 'iell as their actual nature, remains unclear. /8,1/

LIkeu':. attempts to incriminate a specific virus by
showing elevated titers of antibody to it izi the serum of SLE
patients have not succeeded. Measles, pcrainfluenza, rubella,
Epstein-Barr virus antl'•ody levels., and others, are significantly
elevated in SIE compared to control subjects. TABLE IV. 'While
yet other virus antibodies have not been significantly elevated
in SIR, the numbers of patients studied have often been mall
and the methods used for measuring some of these antibodies
relatively insensitive. /10-12, !Q Our own studies indicate

Present C•(,ceptý, Vol I/ No 7. July 19 71
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TABLE El

PARAMYXOVIRUS AND VIRUS- LIKE" MICROTUPULAR INCLUSIONS

In cyto- Membrane Tightly Dlanet of tubule
Inclusion plcom ,,dy bound oiled Out" Innea

40 4avrnm 1*

Measles 0 0 0 180(140-200) 50
SSPE* 0 0 0 1 10(150.200) 50
SLEt + + + 230(190-250) 80

*Subacute sclerosin$ pmnencephalitls
tSystemic lupus erythematolus

TABLE III

VIRUS ISOLATION STUDIES OF TISSUE CULTURES FROM SLE PATIENTS

Successful growth: 10113 specimens, 9/10 patients.
MWan duration: 5.4 mo. (1-12).
No evidence of virus by:.

Cytopathic effect 10 strains Hemagglutinin 3 strains
Cocultivation 3 Hemadsorption I
Cell fusion 2 Interference 2

TABLE IV

VIRUS ANTIBODY ELEVATIONS IN SI.E

Mea•ses Reowrus type 2
Parainfluenza type 1-3 Infectious bronchitis OC 43
Respiratory syncytial Herpes simplex
Rubella EB virus

Present Concepts, Vol IV No 7. July 1971
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that at least the measles and perainfluenza typ 1 antibody
elevations reflect the hyperRammaglobulinemia cuaonly found
in SLE. This and the multiplicity Of thd virus antibody
elevations suggest tbey are a result (rather than the cause)
of the immunologic hyperreactivity which is characteristic
of SIS.

Turning to rheumatoid arthritis, no animal model caused
by chronic virus infection is known. However, there has been
increasing evidence for the formation vf im e complexes in
involved joints. Rheumatoid factor, ittelf an autoantibody
(against altered TgG), appears to be involved but the initial
antigenic stimulus in this chain of events is still unclear.
Chronic microbial infection could provide such a stimulus and
a variety of isolates have been obtained from rheumatoid syn-
ovia over the years, includiz diphtheroid bacilli, mycoplamma
(PPWO) and other less well-characterl.sed agents. /A/ Since
Koch's postulates cannot be fulfillec. for th~se isolates (i.e.
they cannot be inoculated into human subjects), their signifi-
cance can only be assessed by less direct methods and re-
mains unclear at present. The particular pr'molems in evaluating
such isolates are to determine (1) that they are not contami-
nants introduced during the usually complex laboratory manip-
ulations, and if not, (2) that they are pathogenic and not
"passengers" or secondary invaders of already damaged synovia.
Reproducibility of results in different laboratories is a third
problem. More recently Grayzel and Beck /13/ and others /1,5/
have shown that rheumatoid synovial oells are resistant to
superinfection with Newcastle disease and rubella viruses, and
that the resistance may be transmissible in vivo to rabbit syn-
ovial cells. In other systems, such resistance has been found
to be due to an otherwise inapparent infection with another
virus, thus this work may be the first clue of such an infection
in rheumatoid synovial cells. However, metabolic differences
have also been found between rheumatoid and normal synovial
cells and, while these might result from an inapparent virus
infection, ;astor's work /14,i suggests that the difference is
due to a peptide "activator" substanc3. Such metabolic dif-
ferences could be responsible for the resistance found in
rheumatoid cells. Many other attempts at isolating viruses
from rheumatoid synovia have beou .ieati~e. including our own
with over 60 patienti. /1,5/ Electrin microscopic and sero-
logic studies in RA have been unrewarding to date, /I/ thus
there is no firm evidence at present +hat chronic infectlon,
viral or other microbial, plays a role in the pathogenesis of
rheumatoid arthritis.

Preient C',un epts, Vo I /V No 7, July 1 Y 71
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In the rarer ourwnstive tissue diseases - dewaetmyo-
situ, scleroderma an polyarteritis nodos -- there bad been
"little evidenoe to suggest a virus etiology, although oertain
anml mo4,le were suggestive. /I/ However, Qooke et al /15/
recently described persistence of Australian antigen in certain
patients with typical polvarteritias, with strong evidence for
the pathogenetic role of immne complexes containing Australian
antigen and antibody. ftu, it soem liely that so-e oases of
this disease are caused by a chronic infection with the virus
of aarum hepatitis. This disoovse7 should encourage a oontinued
examination of the possible role of chronic virus infection in
the oonnec Ave tirsue diseases.
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COMPLEMENT IN HUMAN DISEASE

MAJ S. A. Cohen, MC

The complemeiint (C) system has been clearly implicated in

the Cahoensiste of sisty hufa w gxproipeof al poteins./that
Intreractn seqeaiabllty tof mediant craind tofthe beffect ofe
antigen- santibodymrotioned Thiis ctiawtioun othe Carmeters
in iheitiateosi bnd threutiont of an arofrithee adbsordyitersA
eith solul anigeaen or vitanvovn antgnlormaltied of the mw0c

ofstmac tarmsetell bass of thisartice.Th taborcalls aCtlevea
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(The membrane defect, when visualized by electron microscopy,
appears to be a hole 103A in diameter, and Is identical in all
types of cells. /3/) The effect of C activation might there-
fore be hemolysis, killing of bacteria, lysis of tumor cells,
or it might be to enhance tissue inflaintion in an area of
antigen-antibody ccmplax deposition.

The standard laboratory procedure used to measure C levels
is determination of the "total bemolytic complement" ((N0).
This analysis utilises the ability of the activated G system,
under appropriate circumstances, to lyse unsitimed erythro-
-.ytes; specifically, i%, measures the ability of a test fluid
to lyse 50 percent of a standarised suspension of sheep
erythrocytes coated with rabbit antisheep erythro•yte anti.-
bodies in absence of complement. Test serum is then added
and a determination is sade of the greatest dilution which will
mause 50 percent cell lysis. The GH50 is inversely propor-
tional to this dilution and is a functional measure of the
integrity of the entire C system. As will be discussed below,
this system is actually composed of nine components plus three
inhibitors or activators and a low 0250 could reflect decreased
activity of a single component, reduction in the activity of
multiple oompu.ients, or an abeiorualtjy of an inhibitor. Fnc-
tional and p-ysioal evaluation of many individual eompenents
are also now available.

The activation of the C system begins with the binding of
an antigen-antibody complex to Cl. Figure 1. This component
consists of three. subunits, Qlqrs, and it is actually Clq
that binds to the Imws oomplex. 1s, a proesterase, is
converted to an active eaterase (d!) by the Imam complex.
[Normal people have an inhibitor (Cl IMB) of this esterase
in their sersi d then acts on C4 and C2 converting these
components into the CMZ complex called C3 oonvertase, which
splits C3 into frapents. Complexes in the CM state have
biological activity and react in Imam adherence, undergo
enhanced phagocysosis and are associated with the generation
of a potent histamine liberator -E2py 2*. The remaining
components are added in a poorly understood manner. All nine
components are needed for erythrocyte lysin.
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EA-----*EACT Z..EýAc T4-~
CSq C4 C2

&9'ýEACT[

*C3 C3A

EAC~ ~~ *C 14!11 Ades fmExq T4•wM I

EAC TM 3

C.9 ,

Fig. I. The iation of the complement system. This scheme appean a numler of places in the
litente, although this dingsa is accredited to Ruddy S, Austen KF: Inheslad abnoatsltin of
tdo complement systm in man. •ofMed Gen 7:69-95, 197/0. EA repespets a aerydneyw
antibody comlpkL

INBORN ERRORS

Conditions listed in TABIE I represent intrinsic abnor-
malities of the C system. Hereditary angioneurotic edema
(HAI) has been the most intensively studied of the inborn
errors and is described belov. The remaining abnormalities
are mentioned only briefly.

4ereditary Angie-'eurotdc Edema

Early in the C sequence aotivated ci (an esteras) reacts
with C4 to form CU4. In normal people there is a ci.-xulating
inhibitor (CQ INE) of this df esteraese. The nr. abnormality

Present Concepts, Vol /V No 7, July 1971
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INBORE" ERRORS*

Hereditary angloneurotic edemaIC2 defidency
Partial deficiency of C3
Clq deficiency with thymic aphula
Clq deficiency with impaired immnnoglobulin synthess
Defective CS in i far dtha abnormtkhy of phagocytois

unique to H&E is the _National absence of this al esterase
inhibitor. Figure 2. Ta some families this protein is absent
from the sara, while in others it is present in noril amounts,
but is nonfunctional. The laboratory diagnosis can be made
by screening for the inhibit-%- (01 IN) itself or by demon-
strating low G4 and 2 levels. The natural substrates of the
uninhibited Cl. Components which are beyond the G2 step do
not seem to be involved. CI15 is u.ually depressed during the
acute attack of angionseuroto edem, but oooaaaonally is normal.

C4 C2

46. +

EACT----r-- EAC " ' ,--Ii

-C1 INHW
Fig. 2. Hereditary aniliveewotic edema. Cl INH is the normal inWibitot of the first compnpent of

complement. In HAE this Prateli may or may not be preunt. If present, It i6 functionally lnacthie.

This gesetio abnormality in transmitted as an autosomal

dominant with incomplete penetranoe. Clinical symptoms con-
sist of attacks of subepithelial edem involving the skin,
mucosa of the GI tract (which may cause intestinal obstruction),
and mucosa of the upper respiratory tract. Iaryngeal edema
due to upper respiratory trect involvement is the leading cause

of death. Emotional stress end trauma often preceed the acute
attack, but obvious precipitating factors are absent in most
episodes. The edema usually subs.des spontaneously within
24-48 hours and at the present tim only symptomatic therapy
is available, along with careful observation for the appear-
ance of laryngeal edema. The recant description /5/ of this

"Present Concepts. Vol IV No 7, July 1971
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syndrome occurring for the first time in a 61-year-old woman
with a negative family history demovstrates that HAE should
be considered even in elderly patienv; without a positive
family history who develop skin and mucosa edema.

Other Inborn Errors

02 deficiency, transmitted as an autosomal recessive
characteri itic, has been reported in several families. lhe
concentrations of 02 in homozygous deficient ser are less
than five percent of normal; in heterosygous deficient ser
they vary between 30 to 70 percent of normal. /2,6/ No clin-
ical abnormalities have been detected in these fam.lies. A
partial familial deficiency of G3 has also been noted without
&ay apparent clinical manifestations. /2,7/

low Clq levels have also been detected in a variety of
hypogamaglobulinemic syndrome and recently a direct corre-
lation between serum levels of IgG and Clq has been demon-
strated. /8/ A syndrome of recurrent gram negative infections
in infants has been associated with a familial deficiency in
C5 function. /9/ These patients have a normal CH5O but appo'--
ently have a defect of C5 which impairs its ability to enhance
the phagocytosis of certain antigens, but not of others, and
leaves intact its artipenicity and its function I A immune
hemolysis. Contro3 of the infections has followd plama
transfusions.

ACQUIRED ASNORALITIES

In the situations presented below, abnormalitLeA in C
level are secondary manifestations of an underlying disease
process. Elevated serum C has bken reported in ulcerative
colitis, acute rheumatic f ver, ayocardial infarction, go-At,
rheumatoid arthritis, `ayTroiditis and many other disease
entities. Several C -=ponente are acute phase rectants and
are elevated in any influmatory condition. An elevated C
level is, therefore, a non-specific finding ccmon to a large
umber of disease disorders. Depressed 0 levels are consid-
erably less nommon and have been detected in the diseames
listed in TAk3,B 1I. The depression may be dus to ineoased
utilisation of G (e.g., serum sickzess, cold aggluttnin
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disease, mixed cryoglobdiwneia), decreased synthesis of cam-
plement (:.q liver disease), or due to tll un plie

Mechnism kee iso oroglobulinsimia)e

TABUE 11

ACQUIRED ABNORMbAUTIES

Serum sicknes
Acute post-streptococcat glonMVernln thrl
Systemic lupus erythemnatosus
Autoimmune hemoilytic: anemia
Rheumatoid synoviul effusionI ~Nogressve glotnenloneplultis of childhood
Cryogjobulinemia
Subacute bacterial endocarditis with renal dines
MaciogJobtiinemia
Renal transplnt rejection

Myastemle Iravis
Chronic glomcrulouiephritla
Malaria
Severe liver .jacseI

Serum Sickness

Human serum sickness closely slimulate. "one shot experi-
mental serum sickness".* In classic one-shot selrta sickness a
single large d,)se of foreign serum or protein is Injected.
Figure 3 illuir'ates the serological events tb~t will takes
place in the subjeat. The afti~gsn level in the serum willI ~first slowly decrease, due to non-immune catabolism of oir-
c~asting free antigeni, followed by a phase of rapid loss JustI precedin~g the appearance of free circulating antibody. As
the antih'ody forms it first combines with the antigen in
extreme antigen excess with resUltant formiation of wnall sol-
uble complexes capable of remaining In the circulation as
indicateod by the complex line. As the amount of antibody
foruied increasest the anti gen-antibody complexes become larger
and are rapidll removed. ýoincidental with the presence of
anti gen-anti body complexes in the cireuas,.i..on, there is a fall
in serum G and the appearance of acuata int'iraniatory lesions

Present Concepts. Vol/IV No 7, July 19 7)



529

Complement in Human Diwses .Cohm

SFi*. 3. Srum rlckna . The elimination of
I -- Injected I$,-abeled antigen. Seum sickness

(shded ame) occurs following the appenance
of sohu t mdenatfbod complexes and

o flowing their dappeanuce.
(psonto Mepoduce %=s kMndy ganted

06" AM) Off W r"us

or

in the kidneys, heart, arteries and joints. The subject at
this time has olinical serum sickness which usually resolves
without any sequelas. Using imminofluorescent technius,
antigen, antibody and C can be demonstrated in the cardio-
vascular and renal lesions during the acute episode, t it withthe elimination of all inu•m complexes from the system, the
inflam tory lesions in all sites rapidly resolve with minimal,
if any, permanent changes remaining. In this situation low G
seems clearly to be due to activation by the circulating
antigen-antibody omplex and deposition of its components in
the body tissue.

Acute Poststreptococcal Glomerulonephr.tis

Complement is usually low in acute poststreptooocal
g.•amerulonephritis (AGN). That this disease is caused by
airculating antigen-antibody oomplexos is suggested by its
similarity with acute serum sickness nephritis. A delay of
seven to nine days is seen following the adutinistration of
foreign protein and the onset of ser= sickness; similarly,
there is an interval following strep~ooocoal infection and

the onset of AGN. At the first detection of renal abnor-
mality, in both situations, there is a decreased serun C. /11/
Gwma globulin and C3 globulin are found within the glomeruli
as discrete fine nodular deposits adjacent to the glomerular
basement membrane in both diseases. Type 12 streptococcal
products have also been detected in the same area in AGN /12/

and necently antibodies against streptooocoul antigen have
been eluted from glomeruli of rati with postetreptococcal
glo•erulonephritis /13/. This information suggests that
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antistreptococoal antibodies and streptooccal antigen combined
with C have pathogenetic Importance in acute postatreptooncoal
glomsrulonephritis.

Systemic Lupus EFythematosu

It is now widely appreciated that 0 levels are often
depressed in systemic lupus erythematosus. /14/ In most
cases this depression correlates best with activity of lupus
nephritis, and probably represents C fixation by circulating
innune complexes that are subsequently deposited along the
renal glomerular basement membrane. Recent studies have sug-
gested that the DNA-anti DNA immune system is of particular
significance in this disease; the role that other specific
antigen-antibody complexes play in the pathogenedis of lupus
nephritis remains unclear at the present time. The evidence
that lupus nephritis represents an "immune complex" disease
is as follows. /15/ (1) Imuunoglobulins and C are present
in a 'lumpy iumunofluorescent pattern similar to that seen in
serum sickness as opposed to the linear pattern present in
Goodr nsture' s syndrome caused by antiglomerular basement mm-
brans antibodies. (2) The electron microscopic picture is
identical to that seen with serum sickness. (3) AntinuclearI antibodies can be eluted from lupus kidneys in concentrations
greater than in corresponding sera and anti DUA antibodies
have been detecte4 in the eluates. (4) DNA has been demon-
strated by immunofluorescence in the deposits withi. the
glomerular briement membrane. (5) Serum C levels are de-
pressed during periods of active nephritis. (6) kntinative
DNA antibodiew and native DNA have been demonstrated in the
serum of patients with lupus nephritis - although they
have nct yet been detected smultaneously nor in circulating
complaxes.

?atients with circulating anti DNA antibodies umsallf
become ill after the serum C begins to fall. Complement
remains low throughout the period of active nephritis and
rises following adequate therapy with corticosteroids or
inumnmosuppressive ther,.py. The relationships between anti
DNA titer (as measured by the sensitive Farr technique) /16/
serum C levels and clinical disease are illustrated in Figure
4A, B, and C.
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Fig. 4, A, B and C. Relationship between

t oo C. anti-DNA titera and 3ctive SLE. Percent
w * ,e.• DNA binding represernta anti-DNA titer

(numal Is leis tha,' 20 percent). Normal
C I-•velsaue above 120. Detailed explana." A ....... U " ton ofthe•arts of the fiur-, is gin in the

,I .' •text. (Permission to reproduce graphs w*s
0 .,,aI I ,indly gmnttd bly Charles L. Christi~n,m MD.)

A

WN. A a. 252

*040
so , "1 -1,,30o | ,

to so Cee

91967
.to,40-.so

Theseralstudies depicted in ?iguz '• 4A are from a patient
who presented sih e ere active Ipaneparitis; evl as
represented by the sol~d line were below 50 (o-a sgreater
than 120), and the DNA binding activity (anti DNA titer) rep-
resented by the dotted .ine was 100 peroert (normal is less

t~an 20 percent). Afte. therapy PiIth prednsone and Irntran
wai instituted, the patient improved, the C rose to normal
levels, and i)MA binding ac'•.ivit~y decreased to normal. A
similar study appears in Figre , 4is. On thin graph the dotted
line repoesents sertmi C levels which was initially quite low
and the DNA biinding activity which was 100 percent initially
is represented by the solid line. 4a.er patient was acutely
ill when irst seen. Aftyer therapy was begun, C le vels rose
to normal, the DNA binding activity decreased, although never
to noral levels, and the patient responded clinioeliy. How-
ever, ahe . binding activity began to rise again. C level
decreasec in October 1969 and tis patient ultimately htd a

clinical relap3e. That an olovaced DNA bindIng activity and
low C leve] may sigrify an impending clinical exacerbation of

Proven. ( r'ce/'H , ,' I" ,. 7 Jit'. I ,;I
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disease .i again illustrated in figure 4C. This patient was
clinicaily we3 1 in January 1967 although 80 pc'cent DUA bind-
ing activit ,.'he 3o.LA line) was present, as well as a low
serum C. ,( months Later she became grossly nephrotic. On
steroid therapy both clini-al state and serological abnor-
malities Improved. J;udies of this tpe have suggested that
serum U may be a useful guide for evaluating therapy in patients
with lupus nephritis and in predicting possible exacerbations
of disease activity. it has recently been dem,,nstrated that
central nervous system complement titers are depressed in
active central nervous syetem lupus end that this depression
is not a reflection of serum values. These data suggest that
the neuropsychiatric complications of SLE may be caused, in
part, by activation of the C system within the central nervous
system. /17/

Autoimmune -lem)olytic Anemia

It is currently thought that the attachment of antibody
to erythrocyte doss not, by itself, produce irreversible damage
to the cellular membrane. If this antigen-antibody reaction
is followed b fixation of all nine C components, then membrane
lesions may be produced leading to the dissolution of the cell.
A) ernatively, early components of C ray become bound to the
erythro~yte membrane itading to accelerated clearance of the

rd blood cell from tht circulation. /18/ Jold agglutininSdisease and paroxysmal ,old hemo�lobinuria are well-documented

examples of U mediated hemolytic disease and are Uiscussed
below and in more detail on pages 585 anc 586.

Cold agglutinins have been detected in primary atypical
pneumonia, infectious mononucleosis, SLE, lymphoproliferative
disorders a'd in "idiopathic ct, d agglutinin disease". /19/
The antibody is an IgM anti-I (less often anti-i) which fixes
to £rythrocytes circulating in superficial blood vessels
expoeed to the cold. Attachment of the anti-I antibody is a
reversible temperature dependent process, being maximal at
O" and weak or absent at 37C; howevcr, the C fixed to the
erythrocyte in the .old is not eluted in the warm. A Asndard
Ccombs' reagent dlreeted against -yglobulin (t" y Coombe' reagent")
would thus be non-rea,'tive at 370 (out positive if done in
the co'"). while a broad specificity or non yCoombs' reagent
capable of reacting with 0 on thb erythrocyte would give a
prsitive result. 'Therapy is directed against the underlying
disease process.

I,csen, (u ep,,el, ot. I V No 7, July /19 71
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Paroxysmal cold hemoglobinuria is an uncommon disorder
characterised by sudden passage of hemoglobin in the urine
following local or general exposure to cold. An IgG anti-T
antibody reacts in the cold with the erythrocyte and binds
Alq to the cellular membrane. It is only after the blood
temperature has returned to 37C that the remaining C compo-
nents attach onto the erythrocyte and oause hemolysis. The
disease is usually, but not invariably, secondary to lues.

Rheumatoid Synovial Effusions

3ynovial fluid rrom patients 6ith rheumatoid arthritis
(RA) contain less C relative to the total synovial fluid pro-
tein than do synovial fluids from other forms of arthritis,
and the extent of this reduction is proportional to the titer
of rheumatoid factor. Inclusions of IgG, IgM, rheumatoid
factor, and C have been detected within leukocyte from these
hjpocomplementexic synovial fluids. /20/ It has been sug-
gested that in patients with RA immune complexes form in the
synovia. fluid, activate the C system and are then phagocytised
by synovial fluid leukocytes. Rheumatoid factor probably
attaches to the immune complex and enhances C activation; the
nature of the .mmune complex, however, remains unclear at the
present time. /21,22/ (Aggregated IgG is also found in some
of these s.fnovial fluids and may be responsible for activation
of the C syRtem). Recently, low serL= C levels have been de-
tected in a few pa~ients with severe RA. /23/ The seropathology
of RA is reviewed in this symposium on pages 537 through 541.

Other AcquireJ Abnormalities

Fn):7ressive Clc:rnrulonephritis of childhood /24/ (chronic
hipocomLeementemic r-lonerionfphritis) is primarily a disease
of ado'lcscont or pre-idolescent girls which is characterized
by a slow indolent course marked by episodes of gross hematuria
or edema or both. associated frequently with anemia and hyper-
tension. These chi i,1ren %ave a persistertly low C level and
lfgT al ,, are deposi ted along the glomerular basemn nt menbrane
in a liwupy distribution. The renal disease is progressil,e and
does not. respoA to steroid, immunosuppressive or anticoagulant
therapy.

Cryoglobuliris nay be associated with low 3 levels and are
discussed in detaL. in this symposium on pages 580 through 584.
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Low C levels have been reported in patient., th subacute
bacterial andocarditis (SBE) and renal involvement, while

normal C is the rule in SEE without renal disease. /25/ This
may be due to complement fixation by antibody and bacterial
antigen resulting in an immune complex nephritis. The glo-

merulonephritis seen with infected ventriculo-atrial shunts
may have a similar pathogenesis. /26/

A recent report /27/ documented that a low serum C level

is a common occurrence in macroglobulinemia. The carse for
this, as yet, is completely unknown. C levels usually increase

at the time of renal transplant rejection and decrease below

normal as the rejection episode sWsides. It usually remains

low for several weeks &id finally staoilizes after the rejec-
tion crisis has passed. /28/ Patients with mesthenia gravis
or chronic glomerulonephri.is occasionally havw low C levels.
The malaria caused by E. falciDarum is frequently assooiated
with hypocomplementemia.* Although it is known that malaria
infection is accompanied by a marked isnologioal response
by the host, the reason for the low serL i C remains unclear
at the present. Several C components are synthesined in the
liver and severe liver disease may result in a reduction in
J activity. /I/

It is becoming clear that abnormalities of the C system

are present in many diverse pathological situations and that

measurement of total hemolytic complement (CHX) or even
quantitation of C components does not necessarily portray an

accurate picture of the state of this complicated sy.tem.
Functional analysis of 0 components will probably add consid-

erable insight to our understanding of the effects of immune
reactions and the contribution of the C system to tissue injury.

'Cohen SA. Obwervations, 1970-71
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THE SEROPATHOLOGY OF RHEUMATOID DISEASE

Robert W. Lightfoot, Jr., M.D."

While joint involvement In the most ciommeon clinical MAIn-
festation of the disease comuoly 1ml1 as zbovesutolA arthritis,
most patients with this disorder in fact have involvement of
man organ systems with a chronic inflammtory process typical
of the rheumatoid joint. In some patient. eztre-artioular
disease may be sufficiently severe so as to comprise a major
threiat to health and life. For theme reasons It may be pref-
erable to discard the teo= "rheumatoid arthritis" and replace
It with the more appropriate "rheumtoid disease' (RD).

0umaet speculation favors an infections etiology for ED.
Such a concept is not now. In 1931, (ball and his collaborators
were able to culture streptococci from rheumatoid synovial
fluids. Serological studies revealed titers of streptocooocal
agglutinins In rheumatoid serum to be significantly higher
than in the normal population. It was subsequently discovered
that rbeiintoid serums possessed high titers of antibodies
against a variety of bacterial pathogens. The significance
of these findings was not appreciated until the discovery of
the rheumtold factor several years later.

In 191,0 Wbaler reported finding in rheumeatoid serums a
faotor which was capable of agglutinating sheep erythrocytes
coated with subagglutinating doses of antibody. This obser-
vation was neglected until the report of Rose and hi~s associ-
ates In 191.8 of the presence of a &ImIlar factor in rheumatoid
seruma. Studies by a umber of other investigators have elu-
cidated the nature of this rheumatoid factor.

Rheumatoid factor (R?) has been found to be not one , but
a collection of antibody proteins found in the serum. of
rbounatoid patients in high titer. Clasioally they are 19S9
macroglobulin antibodies of the IgX variety, whose antibody
activity appears to be primarily directed toward the human

considered to be anti-antibodies. In most patients they
*Auitant Professor Department of Medicine, Cornel University Medical Colkege and Hospital for
Spc~ial Surgery. Ncw York, N Y. 10021
Present Concepts, Vol IV' No 7, July 1971
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exhibit sme cross roactivity with IgG proteins of oter species.
laess omonly, suoh factors may be found in the 78 IgO ociponent
of rheumtoJd serum, again with antibody activity toward humn
IgG protein.

Although am evidence indicates reactAvity of rheumatoid
factors with native unaltered IgG they are known to 'raot pref-
erentiafly with IgG that hag- been denatured to some degree.
This may vary frce a mild steric alteration occurring vhen IgG
antibody roacts with antigen, to the more severe denaturation
induced by heating gm globulin for several minutes at 63
degrees centrigrads.

Tests for rheumatoid factors generally uti3ime a partic-
ulate marker coated with IgG. The particle employed my be a
polystyrene latex particle coated with pooled human gam
globulin, a red blood cll tanned with gama globulin, or an
Rh-positive cell sensitized with anti-Rh antibody. In sam
instances heat-aggregated game globulin my be the "particle".
In the presence of a positivu serum, such partSoles are
agglutinated. The presence of naturally occurring antibacterial
antibodies in a serum possessing such an anti-antibody probably
P'plains the high titers of antibacterial agglutinins found in
the earlier studies, in which case the bacterium served inad-
vertently as the particulate marker.

Rheumatoid factors can be demonstrated in 70 to 80 percent
of patients with documented RD using the techniques outlined
above. A mall percentage of rheumatoid faotor-negative patients
have been shown to possess hidden rheumatoid factors which are
revealed by separating their 19S and 7S immunoglobulins with
column chromatography. In spite of these and more elaborate
methods used, a mall number of patients with classical RD
exist in whom no rheumatoid factor activity can be demonstrated.
Furthermore, there are a number of diseases closely related to
RD, such as ankylosing spondylitis, Reiter's syndrome, and
juvenile rheumatoid disease, in which rheumatoid factors are
usually absent. The presence of rheumatoid factors in an
arthritic is not diagnostic of RD, since they are found in
from one-third to one-half of patients with related connective
tissue diseases such as systemic lupus and scleroderma, and
occur with low frequency in normal serums.

The role of rheumatoid factors in pathogenesis is not
fully known, but would appear to be negligible. In the RD

I'r'sa (' (',I ( 'pt ' I IV ,, 7, Jul / 7 1'
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joint, phagocytosed complexes of rhematoid factor and 7S £gG
have been found in joint fluid leukocytes, and It Le thought
4Aat they my represent a potent stimulus to phagocytowis,
with attendant release of hydrolases into the Joing pae.
That rheumatoid factors do not play a primary role in disease
pathogenesis is suggested by the failure to produce symptoas
on transfusion of RF-rich serum into normal volunteers. This
contention is supported by the finding of naturally occurring
RF in nomal persons as well as In a variety of illnesses
which bear no clinical similarities to ED. hAcng such diseases
are kala-amar, leprosy, tuberculosis, syphills, and bacterial
endocarditis.

Rheumatoid factors may be found in many conditions char-
acterised by prolonged itunologioal sress. R? con be in-
duoed in laboratory animals by hyperi aniusation and are known
to occur in low titer in military recruits and bacteriology
laboratory personnel prin;hylactioally hyperimmunivO. In
bacterial endocarditias rsoval of the imunological stimulus
with antibiotic t&erapy s mults in disappearance of the rbeu-
matold factors.

In spite of the nonspecificity of rheumtoid ractr.s for
RD and the failure to demonstrate a significant role in path-
ogenasis there is a general correlation between the titer of
rhematoid factors and severity of the rheumatoid process.
Patients with high tiaters have a such greater incidence of
subautaneous granulmtous nodules and a greater tendency
toward erosive, crippling Joint destruction than rheumatoid
factor-negative patients. The occurrence of systemic vasculitias
and visceral involvement with rheumatoid gnumlooata is vir-
tually restricted to rheumatoid factor-positive patients, and
is usually present in exceedingly high titers in such patients.

Antinuclear antibodies (AM) have been s•ported in rheu-
matoid disease with an incidence of 10 to 60 percent, although
generally in lower titer than in patients w1th systemic lupus
erythematosua. There is a higher incidence of antinuclear
antibodies in patients who are rheumatoid fastor-positive.
Accordingly, AMA-positive patients tend to have a higher in-
cidenoe of erosive Joint disease as well as vasculitio lesions,
keratoconJumctivitis aieca, and "alty's syndrome. Davis has
suggested that the ability of rheunatoid factor to react with
antibody complexed with antigen affords a mechanim whereby
a rheumatoid factor-positive patient might be protected from

Present (ontepts. Vol I' :VNo 7.,July 1971
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tyatemic iimune-complex disoase. Thus the reaction of RF with
complexed gamma globulin within the joint space would promote
pagocytic removal, perhaps increasing local inflaemation vhile
"sparing the individual from developing a more systemic Imase
complex disease. Others have found little clinical evidence
that rheumatoid factor exerts a protective effect in patients
with systemic lupus.

Studies of the serum complement system in RD have usually
revealed normal to high values of total hemolytie complement,
a colmon flnd-ng in inflamatory states in general, with the
exception of systemic rmnme complex di- sase such as SIE and
acute glomerulonephritie. A few severely and chrnioally ill
patients with RD have been found to have low serum oomplawnt,
however the impliocati-ns of these findings are not clear at
present. Synovial fluid complement levels in RD are substan-
tially lover than in other inflammatory joint disesses.

Studies of complement omponents have suggested that the
low synovial fluid valuet) result from immunologic fixation,
although the possibility of complement inhibitors has not been
thoroughly studied. Again, these data Imply "the presence of
complexed gama globulin in the joint space.

The data currently available suggest that RD may result
in part from a form of local immune-complex disease primarily
involving the joints. Efforts in &any laboratoree are now
being directed toward identifying the antigen whioL might be
involved in such an immune complex. Because suoh an antigen
should have the properties of pertieting and dissemitating in
a given patient over many years, an infectious agent is tbing
sought. Among the agents thus far implioated bAve been the
Wrcoplama and certain Diphtheroid bacteria. 'Mhess initially
encouraging reports have not been oonvincingly reproducible,
and a major thrust io now being made to implicate a slow or
latent virus in the pathogenesis of this disease.

The concept of "mltent vius" dascu•sed in detAilt by Docto, Phillips in this symposium
p.4mes 515-522.
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..In 1893 Buchner described how serum, which when fresh was able to
kill certain bacteria, lost this ability after heating at 56°C. The heat4abile
constituent which either had, or aided, this bactericidal action was called
alexine. A more modern synonym is complenten. Serum factors, which
were active in the serum of guinea-pigs, immunized by heat.killed organisms,
had been shown by Pfeiffer in 1894 actually to accomplish the dissolution
of cholera vibriog. The bactericidal factor in this case proved to be specific
for these organisms. A year later Bordet showed that the bacterlolytic and
•cidal activity of an immune serum against cholera vibrios depended on two
distinct factors: one was thermolabile and also present in normal serum
(i.e. it resembled alexine), and the other was thermoatable and specific
(antibody).

From Humphrey JH, White RG:• Immnwologv t Students of Medcine. 2*d ed
phlakdelphia: PA. Davs Compy, 1964, pqp 7.

I
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MYOPATHY IN ITIE COLLAGEN DISEASES*

L. J.Jiaen MDA

Among the several syzudras whiob ane recognised uner the
heading of tmoollagmn diseases",, vWoptby may be a dominant or
minor feature. In this brief review an attempt viiibe made
to outline the nature of the muscle disease which may occur in
association with these Illnesses, with accent on recient, thoughts
or developients. It in well to point out Pearson's a autionary

not // tatpathological atriosmay be fon in ausols
biopsies from patient.s with chronic diseases, and that theme
non-ape cifici chanes my oontribute to the clinicial muscle
involvimient.

Demutomyogtlz and Polymyadsti

"!ropathy Is the dominant feature of this gynrom group.
Its incidence In the population in not bmsn precisely although
tvo estimates would suggest a rate of about five cases per
mJ.Uion population per year, /2,3/ Approximately tvo-thirds
of patients are femnale. In older patients an association with
malignancy may exist. /4/ This association Is not neciessarily
sioultaneous and is on reason for the careful observation that
these patients receive.

The clinical picture of patients with i~ositis In extremely
variable and Pearson 151 has charecterised Its extremies as
(a) ggt ggLWjjsitj with or without skin rash, severe con-
stitutional symptomas and rapid and severe loss of strength,
and (b) cbag msl with gradual weakness evolving over
several years, particularl~y in the limb girdle musculature.

Tenderness and Induration of the muscles may be present,,
and biopsy may show a broad speictrum of changes with neorosis,
degeneration of fibersi, inflammatory infiltrates, regenerating
fibers and fibrosis. This say be scattered and mild, or gen-
eralimed and seivere, and followed by profound muscle atrophy.
Elevations of tiý serum activities of creatine phosphokinase,

*From TV Philip D. Wilhon Retearch Foundation The Hospittt for Special Surgery Affiliated with the
New York jiosptal and Department of Medicine, &rnma tlnimsaityMe"ca College.
tAidstant Floriace of Medkltw, CMAnwH.
Present Concepts. Vol IV Nlo 7, July 19 71
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lactic dehydrogenase, glutamic oxalacetic transmminase and aldo-
lass may be striking, particularly in acute patients and may be

useful clinical auides. Recently myoglobin has been detected
in serum and urine of patients with acute mycsitis. /6/ This
heme-oontaining, oxygen-bindtng protein is normally found only
in striated muscle and its appearance in the circulation and
subsequent renal excretion is a specific manifestation of muscle
injury or alteration. Approximately one-half of patients
stu~ied demonstrated muoglobinenia or myoglobinuria, and later
unpublished findings indicate this ratio may be higher. )•yo-
globin was usually present in low concentration and often was
present in serum and not urine, suggesting a renal threshold
pheDomenon. lMoglobinsmia was most common among those patients
with dernatcmyositis, rather than polymyositis, and usually
disappeared with institution of therapy. However, two patients
in this group had persistent myoglobinemia and myoglobinuria
and developed renal failure. This complication of myoglobin-
uric states /7-9/ should alert the physician to this rare but
potentially catastrophic occurrence with severe myositis.

Attention has lately been focused on possible etiological
factors which may play a role in inciting this illness. Auto-
immune humoral factors (antimyosin, imumnoconglutinin and
antinuclear factors) were not found to be increased in incidence
in a group of patients with polymyositis compared to patients
with other muscle diseases. /10/ Similar negative findings
for antimuscle antibodies have been reported. /Al/ However,
interest in the immunological determination of this illness is
high because of its importance in the development of a labora-
tory model of this disease. Dawkins /12/ produced a generalized
myositis in guinea pigs given injections of heterologous "zacle
mixed with ?reund's adjuvant. These animals demonstrated
delayed type hypersensitivity to heterologous and homologous
muscle antigens. Kakulas /13/ has extended these observations
'by demonstrating that lymph node cells from sensitized animals
could destroy tissue cultures of skeletal muscle cells. Currie
and co-workers /14/ found in vito stimulation of lymphocytes
from patieuts with polymyositis upon exposure to muscle anti-
gene. In addition, lymphocytes from these patients appeazed
to bring about destruction of muscle cells in tissue culture
after two to four days in most cases. In vito transformation
of lymphocytes in response to autologcuo muscle in experimental
myositis of guinea pigs has been noted. /15/

Theories of a possible viral etiology have been stimulated
by the findings of intranuclear and cytoplasmic inclusions

Present Concepts, Vol I V No 7, ,ly 19 71
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rerembling miyxoviru• particles in muscle cells by Chou. /16/
Inclusio..s in endothelial cells of muscle capillaries similar
to taose found in other collagen diseases ha'e also been
seen. /17/ However, attempts to identify myxovirus antigeniq
in tissue, or to isolate vias from blood, muscle, or skin of
patients have thus far been without reward. /18/

The meaning o: these findings therefore is uncertain.
Virus-like particles, or inclusions, have also been seen in
several patients with other myopathic disorders /19,20/ as well
as in patients with myositis accompanying herpes zoster. /2V

A word should be said about the association of myositis
with malignancy in older patiets because in these patients it
is possible to envision that the same fector responsible for
tumor development is also in some way related to development
of myositis. Alternatively, the tumor itself may produce a
myotoxic factor or lead to "auto-imnmune" processes which can
attack muscR. At present there is no evidence to support
these lieas, although in individual cases reappearance of
tumor or development of second tumors associated with relapse
of m;rositis strongly suggests a link in their etiologies.

The usual mode of therapy for affected patients has been
with corticosteroids, although statistical data on results are
di*f.•l,.It tn interpret, and there are no prospective controlled
tr'ials. Spontaneous remissions occur and steroid effective-
netis may be difficult to documeut. /22/ However, temporal
i'a:e.sions may be strikingly related to steroid therapy. For
patients in whom this approach has failed, or with other
contraindications, antimetabolite o'. =mznnosuppressive drugs
have been used. Good results have been reported in a few
patients treated with methotrexat* /23/ and azathirprine. /24/

The initial response rate :,f treated patients may approach
75 percent and regeneration -.' damaged muscle does occur in
t1's1 disorder. /25/

Sclirod. rind

Muscle disease marked chiefly by wasting and weakness may
be a prominent feature of this illnsss. Biochemical and histo-
logical signs of a primary myopathy were foiuid in the majority
of 53 patients with progressivo systemic sclerosis. /26,/

I', •,'ni ( , t, I,,/ ,'1 \ ,•V ) lilt IV)
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Typi~all there was ýsrked weaknees of prmimal muscles
espec•aUly around the pectoral girdle, although wasting and
weakness weo oiw•47 p.essnt in other muscle groups. Serum
activity of creatina iosphokinase, lactic dehydrogename and
glutamic oalaoetio I./njummnase were generally normal, al-
though elevations of iaotic dehydrogenase were ercounterm %t
times. Tho average urinary oreatine excretion was elevated,
but deor'assd in scom patients with t'me suggesting loss of
mUsole ass. Ferivascular fibrosia was the chief histological
fI-: . in muscle mples.

In addition there may be other categories of patients
with more active inflmmatory change in miscle in association
with scleroderma. These have been referred to under the term
"solerodsmatcqositis". /27/ Nodular sons. of interstitial
inflemation have also been seen in muscle. /28/

Rheumatoid Arthriis

The patient with rheumatoid arthritis may manifest muscle
weakness and lose of muscle volure. Muscle biopsy may reveal
nodular lymphocytia infiltrate. of variable sise. This nodular
myositis /29/ is commonly seen but is not specific for rheuma-
toid arthritis. /30/ In edditi,,no an atrophic wasting of muscle
also occurs. W~opathio changes occur in both proximal and
distal muscle groups. In some patients vasoulitis as wel as
nerve involvement may play a role in muscle fiber change. Histo-
logical changes in mursle occur in approximately one-half of
patients with SJogren's yndre. /31/

Polyatenhs Nodosa

Although muial4 weakness occurs In this disease, changes
in muscle are usually secoadary to vasoulitia. The most common
histological findings are inflwimation adjacent to zones ot
necrotlaing arteritise areas of m'scle neorosis or hemorrhage
related to infarotion, ary1 atrophy associated with ischemic
neuritis. Muscle biopsy as frequently a useful means of diag-
nosis, particularly if the muscle sampled is tender or olia-
ioally involved. Slightly over one-third of patients in a
large series had positive muscle biopsies. /32/

Prt.sent ('Unceps.. J'ol IV No 7, July 197)
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Systemic Lupus Erythematosus

As in patients with rheumatoid arthritis, focal nodular
collections of inflammatory cell may be found in the connec-
tive tissue of muscle, often near blood vessels. In addition
"hydropic" vacuolation of mall or larg sections of muscle
fibers can be seen. /33/ Lesions of this type have also been
noted in patients with polymyositis. /5/ Although there are
patients with marked weakness, clinical signs of zyopathy
generally are not prominent. In sace patients, however,
myoglobinemia as wel]. as elevations of serum lactic dehydro-
genase, creatine phosphokinase and glutamic oxalacetic trans-
aminase are associated with muscle weakness in a situation
suggestive of acute poiynyositis.

Sarcoid

Symptomatic myopathy rarely occurs. Clinical muscle in-
volvement was found in eleven of 800 patients reviewed. /34/
Asymptcmatic muscle Involvement, however, is considerably
more common, and epithelioid gramnlomas in muscle may be de-
tected '6 biopsy in about 50 percent of patients with sarcoid-
osis. These otherwise unsuspected findings seen especially
frequent early in the disease, and are a useful means of diag-
nosis. Among patients with clinically apparent myopathy,
palpable granulomatous nodules may be present, or there may
be an acute myositis or chronic myopathy. In the latter
instance, typical noncaseating granulomata may be associated
with degeneration of muscle. Because of the paucity of
reported cases, the full clinical picture is not well known;
however, proximal muscles seem to be affected early, and
there may be spontaneous remissions. Silverstein and
Siltzbach /34/ have reviewed the literature and found reports
of 21 patients with chronic sarcoid myopathy who were treated
with =orticosteroids. Twelve Yd objective improvement; nine
did not. In the absence of other effective agents, they
recommend treatment of these patients with corticosteroids.

Steroid N•b,• (thy

Administration of steroid preparations ,-m recult in
myopathic chsng• in man and experimental animres, 'ushing ,/36/

I're ,', (',n•,l~t. Y,/II V,, • .,,1 1'71
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described mevere veakneus in patients with hypersecretion of
adrenocortioal hormones and way reports have appeared subse-
quently of oteroid-related muscle weakness. Weakness ustally
begins insidiously, is most marked in proximal muscles, par-
tioularly of the lover extretities and in associated with
muscle wasting. Reversal of this process can occur. Electron
microscopic observation has revealed massive aggregates of
glycogen in subsaroleumal and intermyofibrillar sites /37/
as w•ll as enlarged and degenerated nitoohondria. /38,39/

In experimental animals, the pathological process seems
divisible into an early phase marked by deposition of glyoogen
deposits, and a late phase characterized chiefly by necrosis
of contractile elements, cellular infiltration, and phago-
cytosis. /40/ Mitoohondri•al change can be seen early in
this process. It has been suggested that type II muscle fibers
may be most vulnerable to steroid myopathy /41/ but this needs
further study.

Distinction betweeu steroid myopathy and a patient's
previous disease which necessitated therapy is one of the
most difficult and perplexing problems to which unfortunately
there still exists no simple solution.
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Time and again it has been found that fresh blood serum has properties
which are no longer present when the serum has been left to stand at room
temperature for a day or two, or has been heated at 56'C for half an hour.
It has already been mentioned that Bordet in 1898 first observed that rab-
bit antiscra against sheep red cells, which when fresh would lyse the cells in
high dilution, lost their haemolytic power on ageing or on being heated. He
found, however, that the haemolytic activity was completely restored by add-
ing fresh normal serum from several species of animal, but not by old or heat-
ed normal sera. This heat.labile activity present in normal serum was at the
time named 'alexjne' but is now termed 'complement'., Although complaemet
klciivity is commonly tested for and measured in the same system that Bordet
used, namely by its capacity to enable antiserum against sheep red cells (in
nractice antiserum against the Forssnan antigen in the red cell surfaces) to
cause haemolysis, there are many biologically important phenomena in immu-
nology in which the same or a similar complement activity is involved. These
include killing of bacteria by serum antibodies, opsonization, immune-adherance
and conglutmation, lysis of normal or of tumour cells by antibody against anti-
gen on their surface, and the actiwition of serum qy antigen - antibody complexes
to produce 'anaphylatoxin'. !t would clearly help our understanding of these
phenomena if we knew what complement is and how it acts.

From Humphrey JH, White RG:, Immunology for Students of Medicine. 2nd ed.
Philadelphia' F.A. Davis Company, 1964. page 104.
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JUVENILE RHEUMATOID ARTHRITIS

Jerry C. Jacobs, M.D.*

With an incidence of at least 1:25,000 children rheuma-
toid arthritis is one of the more common chronic disorders
of early childhood. The most frequent year of onset in
several series is between the first and second birthdays;
more than half of the cases with onset in childhoo start
before the sixth birthday. Awareness of the frequency of
this condition in early childhood leads to recognition of
more cases, and avoids unnecessary and even harmful pro-; ~cedureao.

[ SIGNS AND SYMPTOMS

The onset is umsally insidious, with swelling of one
or more joints, sometimes without complaints and without
signs of systemic illness. About 20 percent of patients
be&i with swelling of a knee alone. Within a year most

who will develop polyarthritis have done so. From a pedi-
atrician' s viewpoint trauma and infection are the most
important diagnoses to think about in the 40 percent of
patients with monarticular onset and joint fluid may be
aspirated for examination and culture. Synovial biopsy
has not been useful when the tuberculin skin test was
negative and should be avoided as immobilization follow-
ing surgery may result in unusual deformity.

A few children have fever as the sole presenting mani-
festation. The diagnosis may be suspected but cannot be
made on this criteria alone although in this group the
fever tends to be intermittent with daily spikes as high
as 105-106 F and also daily recordings of 99 F. The
children usually do not look as ill as youngsters with

4Assistant Clinical Professor, Department of Pediatrics, Columbia University College of Physicians
and Suwgeons and the Babies Hospital, Columbia-Presbytetian Medical Center, New York
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weeks of such high fever from other causes. Fortunately

some of these youngesters develop a characteristic rash -

salmon pink in color and evanescent, with individual spots
coming and going almost as you watch. The rash tends to
come out with temperature elevations, and may overlie joints.
Occasionally it is pruritic. The experienced observer may
make an earlier diagnosis by recognizing the exanthem.

Inflammation in the anterior chamber of the eye may be
visible as cells and protein accumulation seen on slit lamp
examination by an experienced ophthalmologist. Most rheuma-
toid children with uveitis do not have complaints or visible
signs until late, after irreparable damage to the eyes has
occurred. Therefore, slit lamp examination is part of the
diagnostic evaluation and is repeated at regular intervals.

Cervical spine pain may be en early or presenting mani-
festation but radiological evidence of arthritis is not seen
soon after onset.

Occasional patients have pericarditis as a part of their
acute illness, and may have features of cardiac tamponade
and congest.Lve heart failure. Rheumatoid arthritis is one of
the causes -f idiopathic pericarditis in children, and may
also occur without simultaneous clinical evidence of arthritis.
It differes from the pericarditis seen in acute rheumatic fever-
in these patients there is no evidence of concomitant valvular
disease.Iilassical rheumatoid nodules are rare in children and are
almost invariably seen only in late severe cases. However,
small transient noiules overlying extensor finger tendons are
not uncommon, but are usually not seen early enough to aid a

prompt diagnosis. The author and others have seen children
referred for "rheumatoid nodules" without any other sign of
disease. These children are usually brougnt to the doctor for
asymptomatic subcutaneous masses noted on the extensor surfaces
of the legs. Biopsy reveals pathology generally indistinguish-
able from a rheumatoid nodule. Such patients are not known tc
"have ever developed any systemic disease and recognition of
this syndrome is necessary to avoid repeated biopsies or harm-
ful procedures and trea..tment. In one published case a child
was subjected to auricular myocardial biopsy in an extensive
search for evidence of rheumatic disease!
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Morning stiffness or "gelling" is common but may have to be
sought after by the physician as the parent may not be aware of
it. An older sibling occasionally reports that the affected
youngster crawls to the bathroom in the morning but in improved
by the tiw!m mother arises. Tenosynovitis may accompany the
arthritis and is occasionally mistaken for lymphangitis. As
time goes on flexion contractures become a ginse non of the
disease.

DIFFERENTIAL DIAGNOSIS

In youngsters presenting with migrating polyarthritis,
rheumatic fever should be the admitting diagnosis. Rheumatoid
arthritis is a chronic disease with definite diagnosis, in the
absence of certain features already suggested, not possible un-
til several weeks of persistent arthrit.s has been present.
While patiints may have brief, self-limited attacks before
developing definite signs of disease, diagnostic accuracy is
usually not obtainable for several weeks. The arthritis of
rheumatic fever is generally gone by three weeks, provided re-
current episodes are not produced by recurrent administration
and withdrawal of sallcylates creating repeated "rebounds"
which may be confusing.

Differential diagnosis requires careful consideration of a
large number of other conditions. Systemic lupus, dermatomyo-
sitis, scleroderma and polyarteritis are always considered.
Some of the other comnonly confused disorders are listed below:

Osteomyelitis or septic arthritis treated with
large doses of antibiotics for a brief period and
then presenting as chronic swelling and pain ir a
Joint. Pain in such patients may be out of propor-
tion to the visible signs of arthritis. Radiological

Present Concepts, Vol IV No 7, July 1971
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evidence of osteomyelitis may not be seen for three
months or more in such children. At the time of the
original sepsis the bone or joint complaint was not
noticed and a different diagnosis was made; the
local sign disappeared at first and then more grad-
ually recurred after treatment was u Thdrawn.

Acute leukemia with bone pain and Ju. at effusions.
Bone marrow aspiration may be necessary to make the
diagnosis, and if steroids have been administered
a remission may have been induced.

Ulcerative colitis and regional enteritis.
D arrhea may not be present or the history of diar-
rhea secreted or neglected. In children regional
anteritis may result in high fever, arthritis, and
growth failure without diarrh-a.

Child abuse. Hitting the child across the fin-
gers with a ruler may produce finger swelling sug-
gestive of rheumatoid arthritis. While periostitis
may be seen with early juvenile rheumatoid arthritis
(JRA) flakes of bone broken off from the phalanges
are diagnostic of trauma and involvement of fingers
alone with persistent new bone formation is suspect.
History of brcz&n )ones in such children, or feared
baby sitters, .-ay be clues.

Serum sickness-like reactions to medicines.

Hand-foot syndrome of sickle cell a'emia.

Osteoid osteoma of the femur.

Gauche.' s disease.

Familial Mediterranean fever.

Gonorrhea with arthritis.

Reaction to rubella vaccine.

Hysteria. This can produce j,.ing complaints with-
out objective signs of arthritis and characttristi-
cally with more disability in terms of school absence
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or withdrawal from activities than is generally
sien in proven rheumatoid children with similar
complaints. Rarely a true rheumatoid adolescent
will use the disease in similar fashion.

Anaphylactoid purpura. This is usually accom-
panied by a distinctive -ash.

Hemophilia and other coagulation defects.

Hypertrophic osteroarthropathy. This is famil-
ial or secondary to lung or liver diseases.

Phosphate diabetes.

A number of other disorders may also be excluded
including Reiter's syndrome, sarcoidosis, gout,
agamnaglobulinemia, Farber's disease, villanodular
synovitis, and mucopolysaccharoidosis.

LABORATORY STUDIES

Anemia and elevated erythrocyte sedimentation rates commonly
accompany severe disease. The anemia seems to result primarily
from marrow inhibition and does not respond to iron, although
elements of shortened red blood cell survival and increased
gastrointestinal blood loss from medicines as well as iron and
folate deficiency from poor nutrition may be demonstrated. Al-
bumin is low in sick patients and gamma globulins high except
in isolated patients with specific defects in gamma globulin syn-
thesis. Rheumatoid factor is rarely present (10 percent) and
then usually in severely affected patients in whom a diagnosis
is easily established in its absence. The majority of children
referred to us because of rheumatoid factor do not have it on
our retest and their physicians have been misled so that the
correct diagnosis is not made. In those in whom we do find
rheumatoid factor only two-thirds have rheumatoid arthritis.

The early radiographic findings are joint effusions and
juxta-articular demineralization. In young children with a-
symmetrical involvement growth centers on the involved side be-
come more advanced after months of disease, and eventually that
extremity or portion of it may be abnormally long. Signs of
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erosions and joint destruction are late. Unusual, and so
aharacteristic of JRA, are findings leading toward fusion at
the C2 - C zygoapophyseal joints and at the temporomandi-
bular joints.fOverall skeletal growth, however, is retarded by prolonged

severe disease resulting in short stature. This has been dem-
onstrated not to be due to growth hormone deficiency nor is it
responsive to exogenous growth hormone, and so it is presumably
a disease-induced cellular defect.

Diagnosis remains a clinical skill - always possible, if
possible at all, without laboratory or radiographic aids. How-
ever, these ancillary studies are needed to exclude many condi-
tions which may be mistaken for JRA.

The early literature tended to suggest a poor prognosis
since interested clinics accumulated the most severely affected
patients. It is generally accepted that about two-thirds of the
children make a complete recovery and have no residual findings
on examination after an average of two years of disease. About
five percent of affected children die of either complications
of the disease or complications of therapy. These include amy-
loidosis, Addisonian crises with stress following steroid with-
drawal, overwhelming infections, rheumatoid cardiac nodules, and
idiosyncratic reactions to drugs. Another five percent become
severely handicapped, either limited to a bed-chair existence
or blind as a result of uveitis. The other 25 percent of chil-
dren include those with some residua of old but burnt-out
disease and those whose disease remains intermittently active
forever. On the whole, patients with severe systemic excer-
bations followed by complete remissions do better than those
with smouldering but continuously active disease.

TREATMENT

Most children respond well to aspirin given in doses of
100 mg/kg/24 hours divided between 6AM and 11PM if the chil-
dren do not have high spiking fever and at four-hour intervals
around the clock if they do. If the disease is adequately con-
trclled by this regimen and no signs of salicylism appear,
binod levels of salicylate are not obtained. If inadequate con-

trol is achieved after several weeks, blood levts are obtained
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and dosage increased to the mavimal tolerated amount. Wnile we
aim for a salicylate level around 25 mg/100 cc we have children
completely controlled on less and others requiring and tolerat-
ing chronic levels as high as 48 mg/100 cc enough to be fatal
in some other children. Parents and doctors must always be
alert to signs of salicylism including tachypnea (sometimes mis-
taken for "croup" in these children), vomiting (callea "gastro-
enteritis"), and depression with withdrawal to bed (the psy-
chiatrist was called while additional aspirin was given to one
of our poisoned youngsters). Educated parents are the best ob-
servers, and it is the physician's responsibility to teach the
toxic signs at the time of prescribing the medicine. Medica-
tion is continued in our clinic auntil six months after all
signs and symptoms of disease have disappeared.

The aim of treatment is to enable the child to lead a
normal or almost normal life, attending school regularly in a
regular class. If aspirin alone does not achieve this goal
small doses of prednisone - 1.0 to 2.5 mg three times daily
may be added, starting at the lower dose. More recently some
of our more severe patients have received alternate day steroid

therapy with 10 to 15 mg of prednisone every second morning as
a s.ngle dose, plus their usual aspirin, with success.

In our own clinic we are not currently using gold or indo-
methacin because of fatalities which have occurred wher ir
patients received them elsewhere. We recognize that others
have better •'esults with these agents than cur statistl.-s would
support.

This statement also applies to surgical treatment with early
synovectomy aimed at preventing joint deformity. Since two-
thirds of our patients get completely well, a large multi-insti-
tutional study would be needed to document the value of such an
approach. To date: no such study has been performed and on the
basis of the available evidence, we canno>t recommend this pro-
cedure for general use in children.

Physical therapy to a',oid or minimize progressive flexion
contractures is helpful. The parents are taught the exercise
program by one physician who bees all our patlents. The parents
conduct the progretm every driy -t home, and get reinforcement ioirx
our therapists. 'light splints for the wrists arc sometimes help-
ful and lifts (,n t!,e heels of shorter legs help r'event contrac-
ture oi' tt. 't ,"iirgr,,w•_ng knee. later stappl iribt irey ho needed at
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the knee to avoid vulgus deformities and overgrown legs.

Circular plaster and bed rest in our experience is harmful,
requiring vigorous therapy to recover the losses of strength
and muscle atroph). The qorst deformities we see are in new
patients previously subjected to biopsy followed by circular
plrzter immobility.

Pericarditis, when present, is treated with large doses of
systemic steroids for a few weeks, until it subsides. Uveitis
is brought under control with steroid eye drops when possible.
If complete control is not achieved with local therapy systemic
steroids in moderately large doses are used for several weeks
to achieve complete control, followed by an alternate day sin--
gle dose regimen for maintenance so long as is necessary.

The most important factor in management is an optimistic
attitude of a well-informed pediatrician whose goals are to-
ward almost normal function of the child. Whenever a family
member has a chronic disease, patients and their families be-
come easily discouraged and, when depressed, maximize their
disability and function poorly in all areas. Attention should
be paid to how the child is doing in life situations, including
peer and family relationships, and school. If there are addition-
al handicaps besides arthritis an effort is made to be certain
they also receive a maximum rehabilitative effort, including psy-
chotherapy and, for teenagers, vocational guidance. While mana-
gement thus requires a team approach the pediatric-rheumatologist,
as coordinator of the team, has an opportunity to provride a kind
of cptimal comprehensive care.

Suggested reading references

Ansell, BM, Bywaters, EGL: Rheumatoid arthritis (Still's Diseese).
Ped Clin 14 _erl0:921-939, V "

Brewer, EJ,Jr: Juvenile rheu id arthritis. Philadelphia:
Saunders and Company, 1970

Grokoest, AW, Synder, AL, - ýer, R: Juvenile rheumatoid
arthritis. Boston: Little, •wn and Company, 1962

Laaksonen, A: A prognostic of juvenile rheumatoid arthritis.
Analysis of 544 cases. Sur, : nt 166, Acta Paediat Scand, 1966
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ANTINUCLEAR ANTIBODIES (ANA)

Naomi F, Rothfield, M.D.*

The presence of antibodies directed against nuclei or
components of nuclei has been recognized for man years.
These antibodies have been found to react with whole nuclei,
native and denatured DNA, soluble extract of nucleoprotein,
histone, RNA and still other chemically undefined components
of nuclei. Antinuclear antibodies (AM) have been demonstrated
by the use of a variety of technique!,. Thepe have included
complement fixation, precipitation vith nuclear antigens in
agar, agglutination of latex or bentonite particles coated
with DNA or nucleoprotein, ammonims sulphate precipitation
of antibody with radioactive labelled DNA (.arr technique),
and the indirect fluorescent antibody technique. /1,2/ Each
of these methods has been used as a research tool. However,
the technique most widely used as a routine laboratory pro-
cedure is the indirect fluorescent antibody technique. This
procedure detects antibodies to all nuclear componeats and if
one is specifically interested in detecting the antibody to
native DNA, another method such as the Farr, complement fix-
ation, or precipitation must be used with native DNA as the
specific antigen.

MITtiODS I OR DETECTING ANA

The most sensitive technique for detection of antinuclear
antibodies is the indirect fluorescent antibody technique. In
this test, the patient's serum is allowed to incubate with a
source of nuclei. All unbound antibody is washed off the slide.
Then the slide is allowed to incubate with a fluorescein iso-
thiocyanate labelled antJ-human gamma globulin. This fluores-
cent anti-human gamna globulin reacts with any previously bound

• \ IO, t1 • l,'r,1 ,r l)VIIt' Vn! of Medial ,aod Pediatl. Sp;etialtie,. Uni wirt, ol ('unne.'t icut School of
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gamma globulin from the patient's serum. When viewed under
ultraviolet light, the bound antibody has an apple green color.
A variety of nuclear substrates has been employed. Since the
antinuclear antibodies are not species specific, they will
react with human tissue and with tissue from many animals as
well as with bacterial, protozoal and viral DNA. /1/ The most
commonly used substrates are mouse or rat liver and human
peripheral buffy coat. The mouse or rat tissue is imuediately
frozen, sectioned on a cryostat and moanted on glass slides.
It is preferable to use these tissue sections rather than human
peripheral buffy coat because, as has been demonstrated,
occasional sera stain granulocyte nuclei but do not react with
tissus nuclei. /3/ This is particularly true of sera from
some patients with rheumatoid arthritis. The data on the in-
direct fluorescent antibody test for AMA described below were
obtained using mouse liver as substrate.

The Farr t l_='qiw aj aisa uceful in detection of anti-
oodies to DNA and seems to be more sensitive than complement
fixation and much more sensitive than precipitation with
DNA. /2/

ANA Use in Diagnosis

The indirect fluorescent antibody test is most valuable
in ruling out the diagnosis of systemic lupus erythematosus
(SLE). This test is positive using the patient's undiluted
serum in all cases of clinically active SIE. The presence of
ANA continues for prolonged periods after therapy although
occasionally a patient in prolonged remission may have a
negative ANA.

The indirect fluorescent antibody test for ANA should not
be regarded as a specific diagnostic test for SLE. /4/ A
positive ALA using undiluted sera is present in approximately
50 percent of patients with rheumatoid arthritis, 33 percent
of patients with chronic discoid lupus erythematosus, 75 per-
cent of patients with progressive systemic sclerosis, one
quarter of patients with derm'atomyositis and periarteritis
nodosa. The test is usually positive in patients with chronic
active hepatitis. In pa-tonts with juvenile rheumauoi'l arthri-
tis, ANA is present in 73 -"•rcent of patients.
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In addition to the above diseases, positive AMA may be
present in asymptomatic patients receiving Pronestyl or
isoniazid. /5,6/

CLINICAL SIGNIFICANCE OF ANTINUCLEAR ANTIBODIES

In Systemic Lupus Erythematosus

In acutely-ill patients with SIZ, the pattern of nuclear
fluorescence seen with the patient's undiluted sear% is
usually peripheral. /7/ The fluoresoence is located on the
rim or periphery of the nucleus with absence of fluoresoence
in the oenter. This pattern is due to antibodies directed
against native DNA or against the DMA of the DNA-histone com-
plex. /8/ Sera giving such a pattern possess oomplement-fix-
ing antibodies to native DNA, bind more than 40 percent of
radioactive DNA in the Farr technique and may al.o possess
precipitatizg antibodies to native DNA. The titer of ANA in
the indirect fluorescent antibody test is usually greater
than 1:64 and may be as high as 1:1024 or greater.

As the patient is treated with corticosteroids and the
clinical manifestations of the disease becomes suppressed,
the pattern of nuclear fluorescence becomes diffuse. At this
time, complement-fixing anti-DNA antibodies are no longer
demonstrable. The binding of radioactive DNA using the Farr
technique falls. In addition, the titer of ANA using the in-
direct fluorescent antibody technique gradually falls.

If an exacerbation of the disease occurs, the titer of
ANA usually rises and the pattern may become peripheral.

In Rheumaoid Arthritis

The pattern of nuclear fluorescence in undiluted sera
from .iento with rheumatoid arthritis is usually diffuse.
The ti.er is most frequently less than 1:16 but in some patients
may range up to 1:512. Antibodies to native DNA are not present.
The patients with positive INA uoual-ly are those whose disease
is most severe.
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In Chronic Dtiscoid Lupus Erythemaosus

The pattern of nuclear fluorescence im either diffuse or
may consist of fine discrete speckles throughout the nucleus.
The titer is usually less ihan 1:16. The sease do not contain
anti-DNA antibodies.

In Progressive Systemic Sclerosis

The pattern of nuclear fluorescence may be either diffuse
or, more oonmonly, either fine or large speckles or nucleolar.
Titers in this disease are in the asam range as in SIE. How-

ever, in progressive systemic sclerosis, there is no correction
between presence of ANA, type of pattern, or titer and the
clinical activity of the disease. Similarly, there is no
correlation between disease duration, system involved, or
therapy and prasence, titer or pattern of ANA. Seor froia
patients with progressive systemic sclerosis do not contain
antibodies to DNA.

In Juvenile Rheumatoid Arthritis

Seventy-three percent of these patients have ANA using
undiluted sera. The pattern is diffuse. Forty percent of
patients have titers of greater than 1:16. T.ese sera do not
contain antibodies to DINA.

In )rug Induced ANA

Twenty percent of patients receiving isoniazid for tuber-
culosis have developed ANA from one to six months after the
onset of therapy. /6/ These patients haA no clinical evidence
of SLE. Fifty percent of patients receiving Pronestyl
developed antinuclear antibodles two to eighteen months after
onset of therapy. /5/ In addition, symptoms of SLE developed
in one-quarter of those developing ANA. In patients with
clinical evidence of SLE after taking procainamide, a perlph-
eral pattern may be present and high titers of ANA demonstrqted,
Antinuclear antioodls have also been found to be induced by
oral contraceptives. /12/
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INCIDENCIE OF ANA IN THE NORMAL POPULATION

The incidence of ANA in the normal population is approx-
imately two to four percent. Howeer, in the aged population
(60 years or older) the incidence of ANA has been reported to
be 16 percent. /13/ These antibodies wret found to be of the
"IgM and IgA classes in oontraet to antibodies in SIZ patients
which are of IgG class in addition to IgH and IgA.
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CLINICAL ASPECTS OF SJ6GREN'S SYNDROME

Graham R. V. Hughes, M.B., B.S. (London) M.R.C.P."

SjBgren's Syndrome, first clearly described in 1933, has
assumed increasing importance in the field of arthritis during
the past decade, largely following the clinical and pathological
descriptions by the late Bunim and his associates in Bethesda./l,2/
While the major features of Sjbgren's Syndrome (SS) are well known,
a considerable amount remains to be defined more clearly. In
particular, the prevalence of the disease, true incidence of the
association with rheumatoid arthritis (RA) (how many clinics
routinely perform a Schirmer's teet on all their RA patients, for
instance?) and the relationship of SK to the visceral complications
of rheumatoid arthritis are all uncertain.

CLINICAL FEATURES

The full triad of SS consists of keratoconjunctivitis sicca
(xerophthalmia - dry eyes), (xerostomia - dry mouth), and a con-
nective tissue disorder (usually, but not exclusively, rheumatoid
arthritis). 'li1e term "sicca syndrome" is reserved for cases in
whom only the first two features are present.

Xerophthalmia

In most cases of SS, the diagnosis is simple. The commonest
complaint in our experience has been "grittiness" or irritation of
the eyes. The pauci.L of lacrimal secretion leads to corneal
scarring and, sometimes, to corneal ulceration, vascularization
and even perforation. The superficial abrasions can often be seen
by shining a light from one side across the surface of the cornea.,
Schirmer's test, the Rose Bengal test and slit lamp examination
are usually abnormal as well.

"Staff, Department of Medicine, Royal Postgraduate Medical School, London
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Xerostomia

The dryness of the mouth may be sufficiently mild to pass
unnoticed. There may be an unpleasant taste or dry throat.
The patient may continually sip fluid, and a state resembling
diabetes insipidus has been reported in this condition. Dental
caries is widespread, and early. The healthy mouth normally
contains a pool of saliva in the sublingual vestibule. This
pool is often noticeably absent in 88.

Parotid enlargemeat occurs in approximately half the cases./3,
Rarely the submandibular and even the lacrimal glands may be
obviously enlarged. One feature of SS is the sudden onset of sicca
syndrome in some cases, sometimes with marked parotid enlargement.
A history of "mumps" leading to the sicca syndrome is not infre-
quently obtained in patients with rheumatoid arthritis.

Connective Tissue Disorder

Rheumatoid arthritis is by far the most common third member
of the triad, although systemic sclerosis, polyarteritis nodosa, and
systemic lupus erythema",zsus (SLE) are well described. In the
latter disease, it has been suggested that SS correlates with the
nonerosive but deforming 'Jaccoud's' arthritis sometimes seen in
SLE (Dubois, European Rheumatology Meeting, Brighton, 1971).

The RA is usually seropositive, nodular and moderately
severe. Figures vary on the incidence of sicca syndrome in RA.
Current opinion favors an incidence of 10 - 20 perceut./4/ In
our ow-i experience with labial gland biopsy histological changes
of SS were seen in 40 percent of patients with rheumatoid
arthritis.* Using slit lamp examination following rose bengal
staining, Lenoch and his colleagues /5/ found keratoconjunctivitis
in no less than 58.4 percent of patients with RA. Clearly the
incidence of SS in any series depends on the diagnostic methods
used.

*Hughes GR1', Duckworth R, OlRiordan B:. Unpublished observations.
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PATHOLOGY

The salivary glands are infiltrated with lymphocytes and
plasma cells, sometimes amounting to almost total diffuse
replacement of the gland. True lymphoid follicles may be seen.
The duct epithelium is hyperplastic and the acini atrophic.
In a survey of 500 necropsies, moderate or severe grades of
focal lymphocytic adenitis were present in 23 percent of females
and nine percent of males. The more severe grades were concen-
trated in the age groups 35-64 in femit!es, and as expected a

highly significant association with RA was observed. In
addition a moderate correlation with focal thyroiditis was

COMPUCATIONS AND ASSOCIATED CONDITIONS

Features of SS reported in the literature include alopecia,
photophobia, intermittent pleurisy, peripheral neuropathy,
bruising and generalized pruritus. While some of these features
can readily be explained by the sicca syndrome, it is important
to remember the ramifications of Sj8gren's syndrome with other
connective tissue disorders. For this reason 'complications'
and 'associated disorders' are discussed together.

Parotiths

Superinfection, most frequently with Staphylococcus aureus,
accounts for some cases of sudden enlargement of these glands in
SS.

Respiratory Tract

The sicca syndrome extends down the tracheobronchial tree
and hoarseness, recurrent laryngitis in RA are more likely to be
due to this condition than to cricoarytenoid arthritis. In
addition, recurrent pulmonary infections and atelectases are
well-recognized. The relationship of the sicca syndrome to the
more widespread pulmonary fibrosis of RA has not been studied.

Present Concepts, Vol IV No 7, July 1971
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Gastrointestinal Tract

While the pancreas may show the same histological changes
as the salivary glands, acute and chronic pancreatis are rare.
Gastric hyposecretion, as well as oesophageal dysphagia, is
seen in SS /7/ as is achlorhydria.

Genitourinary System

Vaginitis sicca is occasionally troublesome and, while
rarely volunteered as a symptom may be the first manifestation
of SS. The kidney may be involved by SS, although at present
little adequate documentation of this is available. A persistent
renal defect in concentrating ability, first reported by Kahn et
al /8/ may occur, a defect not reversible by vasopressen. Other
tubular defects such as diffuse aminoacidurip are occasionally
seen, although the degree to which hypergloolinemia contributes
to such defects remains to be clarified. In renal biopsies on
eight patients with SS, renal lesions consistent with interstitial
nephritis were present in six of the patients./9/ Comparable RA
patients were not used as controls.

Reticulo-endothelial System

Leukopenia and splenomegaly are found more frequently in
rheumatoid arthritis patients with sicca syndrome than in those
without./ 4 i In 1964 Talal and Bunim /10/ reported the develop-
ment of extrasalivary reticulum cell sarcoma (RES) in three of
58 patients with SS. The association of SS (and especially of
patients with sicca syndrome alone) with neoplasms of the RES
is now established, and provides an important link between
connective tissue disorders and the reticuloses./ll/

Others

A variety of other clinical features have been reported in
association with SS, as discussed in the introduction. These

include macroglobulinemia, vasculitis, Raynaud's syndrome /12/,
non-thrombocytopaenic purpura, undue sensitivity to drugs /2/,
peripheral neuropathy and myopathy./13/ The true incidence and
importance of these features remains to be elucidated.

Present Concepts,. Vol IV No 7, July 1971
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Y INVESTIGATIONS

I Schirmer's Test

This simple teat should be a standard procedure in all
rheumatic disease patients. Its beauty lies in the "all or
nothing" result usually obtained. A Rtrip of blotting paper
5 x 35 mm (standard sterile Schirmer test papers are available)
is hooked over the medial aspect of the lower eyelid and left
for five minutes. In the normal eye, the irritation generally
leads to soaking of the whole length of the paper. Less than
15 mm is considered abnormal.

Rose Bengal Staining

A drop of rose bengal or fluorescein dye is placed in the
eye. This renders superficial scarring more easily visible.
Ideally slit-lamp examination is then performed. While this is
the most sensitive test for corneal scarring, its very sensitivity
makes it less than specific for 8S.

Labial Gland Biopsy

With the discovery that the pathological features of
Sj8gren's are mirrored in the small accessory salivary glands of
the lower lip, labial gland biopsy became a useful diagnostic
tool in ss./14/ These glands can often be felt as small pinhead
sized lumps inside the lower lip. Under local anaesthetic, a
small incision is made and the gland removed. In our own clinic,
all SS patients biopsied have shown the histological changes
described above, although up to 40 percent of our patients with
RA have shown some degree of lymphoid infiltration.

Sialography

In SS, the ducts may show dilatation or sialectasis./15/
While claims have been made for the diagnostic specificty of the
method, it has not achieved routine use in the diagnosis of SS.

9 9 Technetium (99 Tc) Scanning

9 9 Tc is selectively concentrated and excreted by the
salivary P]ands. Autogdiogr•aphy scanning methods have shown
the principal site of Tc transport (as well as of iodide) in
the major salivary glands to be the epithelium of the intralobular
ducts. '•Tc scanning, while simple, has yet to prove its usePflness.
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Other Tests

Serm hyperglobulinemia is frequent, and hyperviscosity
syndrome may occur. Rheumatoid factors are generally present
in some 75 percent of both SS and of sicca syndrome alone./3,12/
Positive LE cell tests and antinuclear factors are frequent.
However, antibodies to DNA are not found in SS unless associated
with SLE. The development of an immunoassay to measure these
antibodies may help to clarify the diagnostic overlap between
SLE and SS./16/

TREATMENT

Methyleellulose eye drops (1.0 percent) provide the most
satisfactory symptomatic relief (and possibly protection) from
xerophthalmia. However, a sizeable group of patients appear to
obtain no relief from this therapy. The possibility of a super-
infective conjunctivitis should be borne in mind if the symptoms
become suddenly worse.

For the dry mouth, there is no universally acceptable
sialogogue, although pure lemon juice is popular.

The treatment of the arthriti3 is not altered by the presence
of Sj8gren's. If the observation that these patients are more
prone to drug hypersensitivity reactions is borne out, then caution
will be needed, particularly in the use of phenylbutaxone and gold.

COMMENT

This short review has concentrated on the clinical features
of Sj8gren's syndr,--. It is emphasized that this is a condition
as yet incompletel.y defined an, far from fully recognized. Only
with better appreciation of the true frequency of the condition,
will its relationship to other disorders and t) malignant lymnphoma
formation be appreciated.
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PSEUDOGOUT"

Michael D. Lockshin, M.D.t

Iseudogout (calcium pyrophosphate dihydrate crystal
deposition disease), is a corirnon recurrent arthritis those
unique radiologic and labo,'atc ry charactn'ristics nfake it,
when considered in differential diagnosis, one of the most
easily identifiable arthriditcs. *ts a form of crystal syno-
vitis it is a model for a mehchanism of inflammatory Joint
disease. 'This paper briefly outlines thf' clinical and labora-
tory -haracteristics of this disease and reviews present con-
cepts of the pathogenesis of -rystal synovitis.

Clinical CbaracteTistics. Epidemiology and Incidentc.

Aost com-ionly this dinsaro is -eon In the diddl'-Iced to
elderly of both nexe ,,in sll,;htly more than wo-non, whiter,
,lQj},tly more than black:. in large -1er'0er, the aw, ae age
o _ ratints is 72 yeaL's, the usual range TO-l00 years, 1.ut
pati nts 20 years old have boen repo,'tte. althnu,-h ra, t
,rar:; 'are rp•madic, stronC famnilial instance,; of the disca.e
have been known.

'The exact incidence of -linical attacks of pseudogout is
unknown; radiologic findings :ha-acteristi- of the dirasee ate
founi in seven percent of elderly persons. i ationts with
hype'pa -athyr-oldisnm, hema,_hcQ'iatosis, di"w'ter, hype tension,
u e Lia, and urate (true) gout are p,'ont to have confomfitaxit
, *eu Lbgout. -ome mcasu '( of the ge-lv. al " '-uc 'y -•
r -:, t i, avuil'10 i., th11 "'I" ti trt: -: ovr? Lh1
p-.it yi,.,; t',:,) percent ol ' rY'ultati-n Yc',.'tn to the
..heuiatic Aicaso *:evico of the lospital Th' ,pccial 'urg- y
have oeen for pseudo-out, cornpaL-ed to fou," rercent Zo urat"
cout.

"From the Departments of Rheumatic ' w, The Hospital for Special Suigery. Philip D. Wilson
Research roundation affiliated wcth Tr zw York Hospital, Cornell University of Medical CoUegc

tAmstant hofesor of Medicne, Deplartment of Medicine, Comcll Unuversty Medical College,
Nvw York, N.Y, C1 21
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iDiagnotms

J), clinical courr~o and radioi~rapho may ruggco:t thre
~j~!3~ 9 !;iit zsynovial. fluid a alysis, which M~a'den'ron-

'A--ýkt, c:ylstalst is necessary to confirm the diagnosir.

Pathogermeis

.Avhou,'-h the crystals consist off calcium pyrophosphate
djid t P( rl)) exp:-essd as, .'F207 21120s set12m an~j uýinr-

irc ig;±nic pyrophosphate levels are normal., -ynovial fluid
levc.13 are highi. 1he mechanism of precipitation oAf, c-r~tals

withiin the oynoviaJ. 1luid space is unknown;.but low levels
,,, synovial ~li laie phosphatasehtive,,beenlsuggOste3d

.'S a COntributing ractor, Once in the synovial fluid as
c.-ystal, .;Prj' probably activatere flageman factor and the
kinly. and complement systems -eleasing chemotactic comple-
:~iciet -!o-pncx:nts w'iicýh attract T1h; he, P24s. ingapst :the

ccLyntL'Ll3. ;hadocytitc; rele6ase off choiotactin lysosozrial
cuny'.'ico p-.-crnwably in~creases chenotactoi, activity oif the
,7ynovial. fluid, attracting morGiI completing the cy.!lo
ot !nfI1xv:LrL,7tt bn and io:*din- to a clin~ cal attack of

aA.. 'it~. if,"crancos between clinical episodera; or gout
'n~ -~uo~ot may relate't3 low.eJ- chamotactic actl.vit~y an(',

I (.iiit:;i..oollula'-) riemrbzanolytic avtivity o' PF
c. j;tr.lr :(a -'ared to urate c;,yotals'.

Therapy

apcut~ brt at-c a~ied at haltind~ the local
C'( I- -inflamnmation. In some cases aspi'..atlon of the

involvn'd joint is ade-.uate to) provide -veliof. lore o~ten
QU(Y-it~lonaj. &nt1.i-ifla:.vlto1-y thar1apy id indicated.. :'-iost
corinonly used. 2.egimens are phenylboutazono (SMOmm Z or one
days '00 rfqfor two day-s, and 1,00 mg LCo, the nexct one t,ý
UtIr-'ý dayr,,, intra-a!-tjcula~r corticosteroid, oi indomioth.acin

mg ?T-'0)r~Por t4ay). ..4'chi,2ine is not .outinelý- cZro-tiv-.;.
Lth I)v- pci- m:an;.4,e~mciet an attac~k c~an bc. abote wthia Lx _,.ay
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Clical Cow•s

.hree types of attacks a'e :'ecognized: acute (the most
'co:i.aon, subacute, and chronic. ,Acute attacks are gene-ally
monoar'ticulazi; Ahronic tend to be polyarticula,'. Tlhe onset
of an acute attack is modorately abrupt, onset to peak pain
of 12-36 hours, compared to 4-18 hours for urate gout. An
attack frequently occurs a few days following hospitalization
for an acute medical illness such as myocardial infarction or
pneumonia. Duration of an untreated acute attack is a few
days to a few weeks, but the chronic form can be disabling
f'or months to years.

Uhe most Crequently involved joints are the knees,
"followed in order by the hands, ankles, feet, shoulde-s, and
hips. iodagra is rare. Fever up to 103 2 is seen. ',he
joints ai n seldom as intensuly inflanrmed as they are in urate
gut; peoling, skin as the attack subsides is unusual.

UboatM-ao ý.., ,p

'he white blood cell count (WBO) is normal to model'ately
elevate~d and the erythrocy/te sedimentation rate moderately
elevated. Blood chemistry may reveal a -concomitant hypergly-

cemia, hyperuricemia or hypercalcemia when associated diseases
are present. ýynovial fluid analysis reveals a cloudy fluid
with good mucin clot; synovial WBIý counts are 1000 to

50,000 cu mm, with a predominance of polymocphonuclear leuko-
cytes (!:Els). Polarized light microscopy demonstratc- sheo t,
rhomboid crystals both intra and extracellulavly. !hc
crystaln a'e weakly positively birefringent and a-e thus dis-
tinuishable from the usually needle-shaped negatively biie-
f'Ingent ui'ate ciystals, which are also found in ten pe:cent
of' cases of pseudogout. (Sre imust be taken not to ccnsu~e
4)TJ o.ystals with calcium oxalate crystals when this sub-

stance has been used as an anticoagulant.)

Radiogral'ic studies show linear calcification in hyaline
crAtilage about the knees, wrists, pubis, hips, shoulde.s, and
other joints, and in the knee menisci. 4•coelera.6ed degoner-
atlv,ý ohangc: may be seen a. well.
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CRYOPATHIES

MAJ James K. Chier, MC

The purpose of this paper is to present infortation that
is nov available, particularly from an mmunologic and rheu-
matologic prosqpctive, on ciroulating "cola precipitable"
proteins. Initial emphasis will be plaoed on general infor-
mation, with specific consideration being given later to each
topic as warranted by its importance in clinical medicine.

Historical Prospective

It was not until 1947 that Iarner and Watson /1/ summa-
rized the world's extant literature on "protein that precip-
itated spontaneously from cooled serum". They suggested that
the term "oryoglobulin" be used to describe this unique prop-
erty, and added their case to the nine others already in
existence. Proper homage was paid to Wintrobe and Buell /2/
for their initial description of a "cryoglobulin" in a patient
with far advanced multiple myeloma. The authors' insight in
describing this protein abnormality did not extend into properly
defining its nature. By several laboratory doterminations
(solubility, ultraviolet spectrophotometry, nitrogen content)
they thought these proteins resembled globulinc, but con-
sideration of molecular weight and viscosity seemed to make
it unlikely. The authors believed these proteins were manu-
factured in the liver, despite the evidence that five of the
original nine patients mentioned in the world's literature up
to that time had multiple myelona, a known plasma cell malig-
nancy even then. Final clarification nf the nature and source
of these cryoglobulins was to be accomplished in succeeding
years by other investigators. /3,4/

In 1957 Snith and Von Korff /5/ reported on a cold induced
"herarin precpItab''e fraction" of human plasma and tried to
relate the presence of this protein to several disease states.
Initial invistigation proved this "fraction" to be in large
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measura a fibrinogen like polymer and becauee of itg cold
requirement for production, was called a "cryofibrinogen".

Rf 1943, Wasserman and State /6/ had summarized a number
of diseases that had as a concomitant abnormality the presence
of an antibody that agglutinated a wide variety of homologous
and heterologous erythrocytes at 0 to 50. The term "cold
agglutinin" was used to describe this protein.

Finally in the pre-antibiotic era when syphilis and its
oamplications provided enough case material for a complete
subspecialty practice, from 10 to 15 percent of patients with
"syphilitic infections of some chronicity" developed a cold
induced syndrome characterized by Raynaud's phenomenon,
abdominal cramps, fever, bronchial asthma, hemoglobinuria,
tachycardia, anemia, and hypotension. /7/ As the basic under-
lying abnormality seemed to be an erythrocyte antibody whose
expression was temperature-dependent, the term "cold hemolysin
syndrome" was introduced.

Pour temperature-dependent protein abnormalities were
thus defined three were globulins, the fourth a fibrin-like
precursnr. All had the inherent ability to cause Raynaud's
"nhenomenon, or accocyanosis, and in some instances both.

The rather frecuent finding )f these particular entities
in rheumatology make it imperative that the differential
diagnosis be immediately accessible.

CRYOGLOBULINS (Cryoglobulinemnia)

Gryoglobulinemia is often but not invariably associated
wlt!i a cold-induced clinical syndrome that manifests itself
with a variety of signs and symptoms. TABIE I.

While the greatest number of reported cases of cry-o..
globulinemia are secondary to either multiple myeloma or
macroglobulinemia, the association of cryoglobulin with a
growing number of disease states exists. TABLE II. Essential
cryoglobulinemia is a diagnosis only infrequently made and can
be considered only after all secondary forms have been excluded.
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TABLE I

SIGNS AND SYMPTOMS OF CRYOGLOBIJLINEMIA

Cyanolis Urticarla /10/ Gangrene /12/
Numbne~s /a/ Purpura /11I/ Vssculitls /14/
Raynaud's 19/ Vascular occlusion 112/ Giomcruionephritis J14/

TABLE I]

DISORDERS IN WHICH CRYOGLO)BULINS HAVE BEEN REPORTED /15/

Myc loma and macroglobufinemis Hemolytic anemia
Chionic lymphatic lapkemia and Sibacute bacter, d endocarditis

lymphoma Leprosy
Poiyarteritis nodose Syphilis
Cirrhosis Infectious mononucleosis
Reteulosr Cytomegalovilus mononucleosis
Sarcoidouis Acute glomerulonephrltis
Systemic loupi, 0rythemotosus "Essential" cryoglobuiincmiaa
Rheumatoid artlhntts Kala-A ass
A nlylosing spoodyitits Polycythtmla ruins veat
Sfogren'A syndrome

F: ~ The detection of oryoglobulin is straiC 4i'orward. Freshly

drawn blood is allowed to clot at 370 followi' g which the serwnI is separated and placed in a 0-40 enviro*nment f--r 24 to 48
hours. The amount of cryoglobulin can be qualitatively graded
an 1+ (mnimal) to 4+ (maximal) or quantitatively measured by
optical density readings following suspenaion in Az*~ aa1lne.

Because the phenomenon of oryoprecipitability depends on
no special reagents, the abnormal pr.otein is discovered fre--
quently by a laboratory technician who happens to leave a
nor=m sample in a refrigerator overnight. Altoernativ- y, the
first indication of the presence of a cryoprotein may je marked
difficulty in drswin#,, a patient's blood with a syringe at room
temperature or marked rouleau noted on ft peripheral blood wnear.

Tha development within the past three decades of extremely
sophisticati3d laboratory procedures (minine protein electro-
phoresis iumzne diffusion, immunofluorescence, ultra oentri-
fugationj has resulted in detailed investigation of cryloglobulins.
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kryoglobulins are 7 globulins of the IgG, IgM, "mixed"
IgG-I0g /13/ or IgG-IgA /16/ classes. Molecular weights range
from 60,000 to greater than 1,000,O00. Svedburg ultracen-
trifuge density coefficients range frnm 3.5S /17/ to 193.

Normally macroglooulins (19S) that combine with 7S glob-
ulins (i.e., macroglobulins with "rheWatoid factor" activity)
produce a 22S peak on ultracentrifugation. In cases of "mixed
cryoglobulinemia" (19S globulins that complex with 7S globulIns
to form a cryoglobulin) however, this 22S peak does not occur.
The IgM-IgG complex separates into 19S and 7S peaks respectively.
Interestingly, if the 19S and 7S peaks found in the mixed cryo-
globulins are analyzed independent of one another, frequently
neither fraction alone may have the ability to cryoprecipate
and only upon recombination will the precipitate form. /13/
The explanation for this observation is presently lacking.

Recently Stastney and Ziff /18/ studied a group of patients
with systemic lupus erythematosus (SIE) who had demonstrated
elevated cryoglobulins in their sera. Several of the patient's
sera, when subjer.ted to ultracentrifugation, demonstrated an
11S peak in addition to the expected 7S and 193 peaks. This
113 peak thus far had been characterized as the first protein
fragment in the first component of complement (Cl.). Of the
patients with demonstrmted cryoglobulins (11 of 32); 10 of the

.1 (91 percent) had decro'ased levels of the third component of
complement (33), whereas in &5 SIE patients without demonstrable
cryoglobulins only three (12. mrcent) had decreased C3 levels.
(j3 presently is the most cormonly measured fraction in studies
of complement utilization).

Meltzer and Franklin /13/ studied 11 patients with "mixed
cryoglobulinemida". Three of their patiento died of acute
renal failure. At postmorten those patients had histologic
evidence of diffuse prolifer-itive glomerualonephritis. Prior
to their demise these maxe patients were noted to have low or
absent levels of complement. Ir-t•_nrfluorescent studies done
on theie kidneys demonstratel the presence of 03 within the
glomerular tufts.

These two divergent lines of investiation have both
pointed to the impressive interrrv1,itionship of cr-joclbulins
and complemeni. It is within reason to 3peculate that the
IgG-IgM "mixed" cryoglobulin in 'Meltzer's thrVe oatients dying
of diffuse glomerulonephritis circulated as .:, "Lz;=une complex"
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that had the ability to activate the complement system (in a
manner analogoue to the "immmue complex" of lupus glomerulo-
nephritis recently reviewed by Christian /19/). Why the re-
.aining eight survivog did not develLp renal dysfunction,
hcwever remains obscure.

"While extremely important potentially, the findings of
Stastney and Ziff /18/ demand independent verification and,

more pointedly, explanation. Most assuredly not all lupus
patients with decrea4ed serum complement levels have elevated
oryoglobulins, but the finding of cryoglobultne in a patient

with SIZ may bb an early indicator of pending complement
utilization and hence an acceptable criteria fo.4 early treat-
ment. Christian /20/ noted that all (12 of 12) SIR patients

with cryoglobulins, had "signs of active SIE".

Meltzer and Franklin /13/ studied the stability of the
cryoglobulin molecu•le in their 1966 paper. The cryoglobulins
retaired their ory)precipitability after being heated at 56Cfor 3o0 minutes (thereby demonstrating the function of cr s -
preoipitability to be independent of complement utilization).

They reprecipitated greater than 50 times without loss of

activity following redissolution at 370, and finally seemed
not to lose their precipitc.bility following storage at O0 for
greater than four years.

The mechanimn underlying oryoprecipitation is presently
unknown. Oryoglobulins have thus far proved to be structurally
indistinguishi.ble from "normal" circulating immunoglobulins.
Furthermore, it is unknown by what precise means cryoglobulins
exert their symptomatology. Although the cryoglobulin ooncen-
tration is a major factor in predicting the presence of symptoms,
it does not seem to bb the main factor. Many patients with
cryoglobulin levels as high as 1.5 to 1.8 gm/i00 cc are asymp-
tomatic whereas others with as little as 0.1 to 0.6 gm/l00 cc
do have symptoms directly attributable to the cryoprotein. /13/

If the cryoglobulin concentration should exceed 2.0
gm/i00 cc /13/ then symptoms do almost invariably occur, but
it becomes impossibl. to separate symptoms due to hyperviscosity
from those of cryoglobulinemia.

t'rcý'cnt (',P 'pts,, Vol /1' N 7. July 19 71
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CRYOFIBRINOGEN

kleparinised plasa taken from healthy individuals will
develop when cooled at 4C for 18 hours up to 0.27 gm/1O0 cc
of a gelatinoua, flocculent material. /5/ Amounts greater
than this have been shown to be associated with a nuber of
disease states. TABIR III.

TABLE IIl

CONDITIONS ASSOCIATED WITH CRYOFIBRINOGEN 21/

Acute rheumatic fever
Rheumatoid arthritis
Bacterial infection
Neoplastic disease

Uveitis
Prcgnancy
Idiopathic

Investigatioral data have defined this material as a
"fibrinogen like" polymer loosely associated with heparin. The
material has a similar electrophoretic mobility as fibrinogen,
similar sedimentation characteristics, is clottable, and is
not found in serwn. It has been shown that several other pro-
teins are present but their exact nature is presently undefined.

The initial enthusiasm generated by the discovery of this
precipitate has not been sustained when it has been shown that
there is no correlation between circulating cryofibrinogen,
regardless of its concentration, 9nd specific symptomatology.
In two patients with the malignant form of systemic lupus
erythematosus and periarteritis /21/ cr ofibrinogen levels
were found to be below the predicted range in spite of high
fevers, extremely high sedimentation rates, and elevated "C"
reactive protein. The observation of widespread vascular
fibrinoid lesions at postmortem examination in these two cases
lead to the hypothesis that the low cryofibrinogen level was
a manifestation of its supra-normal consumption. The lack of
ivproducibility, bnwv-er, in similar diseases with widespread
fibrinoid lesions (and conver.sely its extremely high concen-
tration in diseases where no immunologic, histologic or

Present ('Onctpts. Vol IV No 7, July' /971
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vasculitic process could be defined) has tended to minimize
the importance of this findfr, /22/

The general conoensus now is that cryofibrinogen is no
more sensitive or informative than other "acute phase" indi-
cators (e.g., e.-ythrocyte sedimentation rate, "C" reactive
protein) and in many oases is actually less sensitive. A
case report /22/ describing a patient with a pulmonary malig-
nancy, multiple thromboses, and an elevated oryofibrinogen
level is available, but when one reads this report he finds
no evidence that the cryofibrinogen was causally related to
the thromboses. Cryofibrinogen must, at present time, be
considered investigative and further studies will have to be
completed before its true importance can be established.

COLD AGGLUTININ SYNDROME

Of the patients who will be seen medically for symptoms
and signs consistent with Raynaud's and acrocyanosis, the
majority will prove to be the idiopathic (Raynaud's disease)
or an early manifestation of an evolving collagen disease.

There are, howevee, a small number of cases whose symptoms
can be traced to the presence of an abnormal 19S circulat!.ng
macroglobulin which has the ability to agglutinate erythrovytes
in a suitable environment. /23/

This cold agglutinin can be found in normal individuals
with a titer range from 1:2 to 1:128. /24/ Transient acute
titer elevations are seen in vIral infections, wycoplasma
infections, mononucleosis, bronchiectasis and many influenza
like diseases. Generally high sustained titers can be seen
in "lymphoproliferative" disorders. /25/

There remains a group, generally elderly people, who
present with the triad of acrocyanosis (resembling Raynaud's),
hemolytic anemia, and hemoglobinuria. It is not unusual to
find cold agglutinin titers of 1:1,000,000 and above in these
patients. /26/ Titers of this magnitude can result in massive
hemolysis, peripheral thrombosis, and are potentially fatal.

It has been shown that the temperature at which cold
agglutinins become clinically manifest is a direct function of

Prevent Concepts,. Vol IV No 7.,Jul.v 1971
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its titer. Symptoma and signs arising from acute and subacute
titer elevations will rarely occur if the patient is not exposed
to temperature below 20C. Idiopathic cold agglutinin disease,
however, with the extremely high titers mentioned above can
cause erthrocyte agglutination and hemolysis at temperatures
as high as 30-33C, the norrhl temperature of the skin. /27/
It is in this group that spontaneous necrosis of fingertips,
fingers, ears, toes, and feet have been described. /28/
Whereas the agglutinating property of this imune globulin is
independent of ocplement, the hemolytic potential i', not
realized without coplement utilization.* /29/

Digital pain, which is almost a universal occurrence in
all but the earliest forms of Raynaud's, is absent in the
acrocyanosis c&used by cold agglutinins. The reason 0- this
is not understood.

There is one office procedure which may immediately direct
your attention to the possibility of cold agglutinins in tbM
patient with cyanotic hands have him immerse just one
finger in a warm water sink. The patient suffering from cold
agglutinin syndrome will show a rapid resolutiu,: of the cya-
nosis in that finger alone. The patient with Raynaud's will
demonstrate complete resolution of all cyanosis or no change
following the same procedure.

COLD HEMOLYSIN SYNDROME

The discovery of antispirochetal antibiotics has virtually
eliminated the cold hemolysin syndrome from present day cliniral
medicine. )sse studies will infrequently appear in the liter-
ature that are not r-laxed to long standing syphilis, but they
are exceedingly rare. /26/

This entity is extremely interesting because of the bi-
thermic potential of the Ig•, antibody. Unlike the cold ag-
glutinin syndrome where antibody attachment to the erythrocyte
surfaoe and the expression of the antibody presence (agg2utina-
tion or hemolysis) occur at the same low temperature (20G),

'The role of complement in cold LaU!utinin diease is decibeJd in Doitor Couhen's raper on pages S23-.5•6
of this symposium.
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thn antioody of this colA hemolysin syndrome attaches to the
red cell receptor sitb In a temperature range that causes no
signs or symptoms, and that only after exposure to warmer
environmxnts ( > 25C) will hemolysis occur.

COMME/"i

In addition to the foregoing process, there are several
other conditions associated with cold intolerance causing
Ray-aud's like symptoms. TABLE IV. These conditions are not,
however, immunologically medir ted and consequently outside the
scope of this paper. Reference will be cited in the bibli-
ography directing the reader to specific papers discussing
these conditions.

TABLE IV

OTHtER CONDITIONS ASSOCIATED WI f1"-i COLD INTOL ERANCE /26/

Raynlaud's disease 1311
I rgotisin and heavy metal intoxication /30!
Shouldcr girdle compression /321
Octjp,,tonal di,,orders (pneumatic hammer discase, typists, pianists) /3)
Myxedeni, /34/

1k.. % ...
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